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Basic  ideas  of  cybernetics  are  popularly  expounded  as  a  sci¬ 
ence  of  general  principles  of  control.  Primary  attention  is 
allotted  to  technical  cybernetics,  in  which  questions  are  con¬ 
sidered  of  control  of  technical  processes  and  creation  of  artifi¬ 
cial  controlling  systems,  consisting  of  devices  for  perception, 
transmission,  storage,  and  processing  of  information.  Elementary 
information  from  Information  theory,  is  given  as  well  as  that  of 
automatic  adjustment  and  electronic  computers .  Possibilities  are 
considered  of  fulfillment  by  the  latter  of  different  logical 
functions.  Considerable  quantity  cf  practical  applications  of 
cybernetic  technology  is  described  both  in  field  of  automation  of 
control,  calculation  and  planning,  as  well  as  in  field  of  simula¬ 
tion  of  physiological  processes  in.  living  organisms.  In  second 
publication  materials  are  represented  more  widely  regarding 
informational-logical  machines,  information  converters,  self- 
organized  systems,  and  bionical  methods  of  improving  cybernetic 
technology. 

The  book  was  written  for  radio  amateurs  and  for  wide  circles 
of  persons,  familiar  with  radio  electronics  and  interested  in 
the  questions  of  cybernetics.  For  mastering  the  material  of  the 
book  general  preparation  in  a  secondary  school  is  fully  sufficient. 
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INTRODUCTION 


Our  generation  is  the  witness  of  rapid  development  of  science  and  technology. 

The  boldest  fantasies,  until  recently  seeming  to  be  unrealizable  dreams,  are 
embodied  in  life.  In.  the  last  three  hundred  years,  humanity  has  passed  from  the 
simplest  steam  engines  to  motors  working  on  atomic  energy;  it  has  mastered  super¬ 
sonic  speeds  of  flight,  attaining  several  thousand  kilometers  per  hour.  People  have 
harnessed  the  energy  of  huge  rivers,  created  gigantic  excavating  mechanisms,  re¬ 
placing  the  labor  of  tens  of  thousands  of  diggers.  The  launching  of  Soviet  artifi¬ 
cial  earth  satellites  began  the  attack  of  outer  space  of  the  universe.  The  greatest 
achievments  of  technical  thought  of  mam  are  such  accomplishments,  as  the  multi¬ 
day  flights  of  Soviet  astronauts  in  satellite  vehicles  in  circumterrestrial  orbit, 
photographing  the  reverse  side  of  the  moon,  and  creation  of  maneuvering  space 
satellites.  Also  created  are  numerous  instruments  and  devices  which  increase  sharp¬ 
ness  of  senses  of  person. 

Force  of  human  genius  knows  no  boundaries  in  the  knowledge  and  subordination  of 
nature  to  itself,  in  the  creation  of  newer  and  newer  machines  and  apparatuses, 
facilitating  and  replacing  the  physical  labor  of  man,  colossally  increasing  the 
force  of  his  hands,  making  possible  movement  with  great  speeds,  and  immeasurably  in- 
reasing  the  sharpness  of  his  sensory  organs. 

However,  until  very  recently  almost  all,  even  the  most  accomplished  mechanisms 
and  instruments  were  designed  for  the  execution  of  highly  varied  but  only  executive 
functions.  Their  construction  always  anticipated  a  more  or  less  complicated  control, 
performed  l y  man,  which  would  estimate  external  situation  and  external  conditions, 
watch  the  movement  of  this  or  that  process,  ana  correspondingly  control  machines. 


movement  of  transport,  etc.  The  region  of  mental  activity,  phychics,  the  sphere  or 
logical  functions  of  the  hunan  brain  seemed  until  recently  an  absolutely  inaccessible 
mechanization . 

In  sketcning  pictures  of  life  of  a  future  society,,  the  authors  of  fantastic 
stories  and  narratives  often  presented  life  in  a  Banner  that  all  Ban's  work  would 
j  e  done  by  machine,  and  the  role  of  aan  would  be  only  in  watching  the  work  of  these 
machines,  and  pressing  corresponding  buttons  on  a  . panel  controlling  defined  opera¬ 
tions. 

However,  contemporary  level  of  development  of  radio  electronics  permits  the 
scientists  and  engineers  to  place  and  .to  solve  problems  of  creating  new  devices, 
which  would  free  man  from  the  need  of  watching  Industrial  process  and  controlling 
it,  i.e.,  it  would  replace  the  operator  and  the  dispatcher.  Hew  class  of  machines 
lias  appeared  —  control  machines  —  which  can  execute  the  most  varied  and  often  very 
complicated  control  problems  of  industrial  processes,  movement  of  transport,  control 
ships,  to  pilot  aircraft,  etc.  The  creation  of  control  machines  permits  crossing 
from  automation  of  separate  machines  and  units  to  overall  automation  of  conveyers, 
workshops,  and  entire  plants. 

The  theory  of  different  control  system^  or  more  exactly,  the  general  mathe¬ 
matical  theory  of  control  in -the  widest  sense  of  the  work,  formed  In  the  last  ileca-ic 
in  a  new.  Independent  scientific  direction,  has  obtained  the  name  cybernetics.  The 
work  of  cybernetics  comes  from  the  Greek  word  "cybernetes"  which  signifies  "steer¬ 
ing,"  or  "pilot." 

At  the  end  of  last  century  and  mainly  in  first  half  of  present  century,  by 
efforts  of  numerous  domestic  and  foreign  scientists  base  was  prepared  for  the  crea¬ 
tion  of  strict  mathematical  theory  of  general  principles  of  automatic  adjustment 
and  control.  Worthy  contribution  to  It  was  introduced  by  such  great  Russian  and 
Soviet  scientists  as  I.  A.  Vyshnegradskiy,  A.  M.  Lyapunov,  A.  A.  Markov, 

V.  S.  Kulebakin,  A.  N.  Kolmogorov,  A.  A.  Andronov,  V.  A.  Kotel'nikov  and  others.  > 
important  role  in  the  creation  of  general  control  theory  in  living  organisms  was 
played  ty  the  teaching  of  reflexes,  well-developed  by  the  Russian  physivl  <ri::.ts 
I.  M.  Seehenov  and  I.  P.  Pavlov  and  their  followers. 

In  its  contemporary  form,  cybernetics  as  a  new  scientific  direction  was  shaped 
by  great  American  scientist-mathematician,  professor  of  Massachutts  Institute  f 
ivelmology,  Herbert  Wiener  (189^-19^4).,  known  by  his  works  in  field  of  analysis. 
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CHAPTER  I 

BASIC  IDEAS  OF  TECHNICAL  CYBERNETICS 
1.  General  Control  Principles 

As  mss  sail  in  the  introduction,  characteristic  trait  of  cybernetics:  is  the 
Joint  study  of  control  processes  in  technical  devices,  and  in  living  organisms .  What 
jives  us  the  right  to  compare  control  processes  in  systems  differing  so  qualitatively 

from  each  other"? 


Control  circuit 


In  order  to  establish  presence  of  analogies  allowing  us  to  do  this,  let  us 
•ensiier  several  general  clock  diagrams  of  control,  pertaining  to  different  systems. 

Fig.  i  diagram  is  represented  of  nonautomatic  control  of  some  form  of  object 
^machine,  conveyer,  workshop,  plant,  transport  unit  and  so  forth),  done  by  man 
{ operator,  machinist,  dispatcher  chief),  subsequently  named  the  leader. 

Influence  of  the  leader  on  controlled  object  can  take  place  by  mechanical  means, 
I in  the  help  of  levers  or  flexible  connecting  rods  of  hydraulic  or  pneumatic  drive; 
lectrical  means;  a  change  of  currents  and  voltages  brought  in  or  a  change  of 
frequency  of  alternating  currents,  the  series  of  electrical  pulses,  and  so  forth; 

■ritr.  the  help  of  oral  orders,  by  telephone  or  by  any  other  communication  channel,  if 
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vfce  controlled  object,  such  as.  for  Instance,  a  workshop,  conveyer,  or  plant,  lias 
executors  which  control  the  units  in  accordance  with  wishes  of  the  leader.  All 
enumerated  and  many  other  means  of  transmission  of  the  control  signals  form  a 
control  circuit  of  the  object  or  direct  circuit  of  influence  on  the  controlled 
object.  However,  it  is  absolutely  natural  that  expedient  control  cf  the  object  is 
impossible,  if  the  leader  does  not  know  the  state  of  the  object,  cannot  personally, 
with  the  help  of  instruments  or  through  executors  periodically  or  continuously  con¬ 
trol  the  actual  state  of  the  object  and  fulfill  the  orders  of  control.  Leader  must 
obtain  (by  so-called  channel  of  feedback)  information  about  the  actual  behavior  of 
controlled  object,  compare  it  with  required  operating  conditions,  make  correspond¬ 
ing  signals  dr  instructions,  so-called  control  Information. 

Let  us  consider  concrete  examples  of  nonautomatic  control. 

Let  us  assume  that  before  the  operator  (leader)  problem  is  set  to  support  as 
constant  a  number  of  turns  of  an  electric  motor,  rotating  a  certain  device  (object). 
Let  us 'assume  that  the  assigned  speed  of  electric  motor  is  equal  to  1,500  rpm. 
According  to  log  book  data,  such  rotation  speed  is  obtained  at  defined  values  of 
feed  voltage  and  current  in  excitation  winding. 

However,  by  virtue  of  a  number  of  circumstances  condidered  with  difficulty, 
such  as,  for  instance,  change  of  load,  friction  in  the  bearings,  change  of  ambient 
temperature,  and  (connected  with  this)  change  of  resistance  of  windings,  and  others, 
the  actual  rotation  speed  may  not  correspond  to  the  assigned.  This  speed  must  te 
measured  by  any  method,  for  instance,  by  a  tachometer,  and  measurement  data  must 
become  known  to  the  operator.  Data  about  speeds,  measured  by  the  instruments,  are 
transmitted  to  operator  along  feedback  channel.  Knowing,  thus,  the  actual  rotation 
speed  of  the  electric  motor,  composing,  let  us  say,  1,480  rpm,  the  operator,  follow¬ 
ing  instructions  and  practical  experience,  makes  a  decision  to  change  corresponding 
(with  the  help  of  rheostat)  magnitude  of  excitation  current.  If,,  as  a  result  of  ud.- 
speed  of  electric  motor  exceeds  the  assigned,  then  by  a  change  of  excitation  current 
in  opposite  direction,  it  is  possible  to  decrease  this  speed. 

As  another,  more  complicated  example  let  us  consider  control  of  a  plant  (object) 
performed  by  dispatcher  (leader).  By  channels  of  control,  connecting  the  dispatcher 
with  workshops,  he  issues  order  to  executors  subordinated  to  it,  obtaining  from  them 
in  turn  by  feedback  channels,  information  about  situations  in  workships,  supply  of 
raw  material,  issue  of  ready  production,  and  so  forth.  On  the  basis  of  information 


obtained,  dispatcher  makes  certain  decisions  and  issues  orders  (control  signals). 
In  the  case  of  such  indirect  control  ever  industrial  process  —  through  foraeh  of 
a  workshop,  executors  at  the  machines  and  units  and  other  intermediaries,  on  the 
one  hand,  possiblity  of  distortion  of  control  signals  is  increased  by  these 
intermediaries,  and  on  the  other  hand,  movement  of  the  industrial  process  can  be 
improved  due  to  the  fact  that  the  intermediaries  do  not  execute  the  wishes  of  the 
dispatcher  mechanically,  but  can  process  them  creatively,  introducing  some  correc¬ 
tives  in  the  general  instructions  of  the  leader. 


In  Fig.  2  diagram  is  represented  of 
automatic  object  control.  Diagram  as  we  can 
see,  does  not  differ  externally  from  the 
preceding;  however,  control  process  is  carried 
out  in  this  case  without  participation  of 


man.  From  controlled  object,  by  means  of 

lig.  2.  Block  diagram  of  automatic 

control.  (not  shown  oh  diagram)  measuring  instruments 

and  converters,  information  about  state  of  the  controlled  object  along  the  feedback 
circuit  enters  the  regulator.  Here  It  is  processed,  and  the  regulator  (in  accord¬ 
ance  with  obtained  data  and  assigned  program)  produces  control  signals,  proceed¬ 
ing  along  control  circuits  to  the  object.  Program  of  adjustment  can  be  determined 


by  the  actual  construction  of  the  regulator  or,  in  more  complicated  systems,  can  be 


introduced  into  the  regulator  from  without. 


As  an  example  of  automatic  adjustment  we  will  consider  well-known  design  of 
centrifugal  steam  engine  regulator,  invented  by  Watt  in  1784  (Fig.  3).  System  works 


tig.  3.  Diagram  of  centrifugal  re¬ 
gulator  of  a  steam  engine. 


in  the  following  way.  With  the  axis  of 
machine  0^,  using  gears  J11  and  fflg  axis  of 
regulator  C>2  is  connected,  coupling  M  of  which, 
thanks  to  elasticity  of  spinning  n,  working 
on  compression  with  motionless  machine  is  in 
the  lowest  position.  With  an  increase  of 
rotation  speed  of  the  machine,  loads  Tp,  under 
action  of  centrifugal  force,  depart  from  axis 


il,.  compressing  spring  n  and  lifting  coupling  M.  Here  levers  P^  and  Pg  shift, 

’  <1  flap  3  decreases  arrival  of  steam  in  cylinders  of  the  machine,  which  lowers  its 


•pi:..  Considered  system  completely  corresponds  to  general  diagram  of  automatic 


control  (Pig.  2)i  where  the  controlled  object  here  is  a  steam  engine;  feedback 
circuit,  delivering  information  to  regulator  about  rotation  speed  of  steam  engine, 
consists  of  system  of  axes  0^  and  O^,  gears  JH'^  and  EL,,  and  control  circuit  is 
formed  by  levers  P.  and  P0. 

Thus,  communication  channels  in  the  considered  system  have  a  purely  mechanical 
structure. 

Program_of  adjustment  (assigned  rotation  speed  of  machine  and  limits  of  its 
deviation)  depends  on  construction  of  the  regulator  itself,  mass  of  loads  Tp  and 

and  elasticity  of  spring  II,  as  well  as  on  characteristic  of  control  and  feedback 

,  ❖ 

circuits,  l.s.,  relationship  of  lever  arms,  transmission  ratios  of  geared  engagement, 
etc.  Regulator  in  this  system,  replacing  man,  executes  simplest  logical  function, 
which  can  be  expressed  in  the  following  form:  "if  speed  of  machine  is  great,  then 
it  is  necessary  -to  decrease  admission  of  vapor;  if  speed  is  low,  then  admission  of 
vapor  must  be  to  increased." 

In  more  complicated  contemporary  systems  of  automatic  adjustment,  when  the 
controlled  object  includes  several  units  or  regulation  occurs  not  by  one  parameter, 
but  by  several  (for  Instance,  speed,  temperature,  pressure,  and.  so  forth),  as 
communication  channels  (as  a  rule)  electrical  circuits  are  used,  but  as  the  most 
accomplished  regulators,  able  to  perform  sufficiently  complicated  and  varied  logical 
functions,  electronic  computers  .are  used  (see  Chapters  2  and  3). 

Let  us  now  consider  control  system,  acting  in  living  organism.  According  to 
the  teachings  of  great  Russian  physiologist  I.  P.  Pavlov, "the  living  organism  as  a 
system  exists  among  surrounding  nature  only  due  to  continuous  balancing  of  this 
system  with  the  external  medium,  i.e.,  due  to  defined  reactions  of  the  living  system 
to  irritations  arriving  at  it  from  without,  which  in  the  higher  animals  is  carried 
out  chiefly  by  means  of  the  nervous  system  in  the  form  of  reflexes."1  The  route  b„ 
which  reflex  is  carried  out  has  obtained  in  physiology  the  name  reflex  arc.  Block 
diagram  of  reflex  arc  .wn  in  Pig.  4:.  Arc  consists  of  not  less  than  two  norvuuf. 

tracts:  sensitive  arid  motor,  connecting  the  central  nervous  system  (spinal  and 
brain),  executing  the  function  of  a  regulator,  with,  organs  of  the  living  organism 
which  are  controlled  objects-.  Reflex  arc  starts  with  receptors  located  in  controlled 
organ;  these  perceive  irritation  of  the  ends  of  sensitive  nerves.  If  one  were  to  us«> 

.  P.  Pavlov.  Pull  collection  of  compositions,  Vol.  Ill,  book  2,  Academy  of 
Sciences  of  USSR,  1961,  p.  323. 
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•  i-vMl-iek  circuit  (sensitive  n-.rves) 


technical  terminology,  then  receptors  execute 
the  role  of  measuring  instruments  or  dat& 
units.  By  location  the  receptors  are 
divided  into  external  (exteroreceptor), 
located  in  the  skin*  ears,  eyes  etc.,  and;  . 


Fig.  4.  Block  diagram  of  reflector  internal  (interoreceptor),  located  in  internal 
arc  in  a  living  organism. 

organs,  vessels  and  muscles.  To  the  action 
of  some  stimulant  (light,  sound,  heat  and  so  forth)  the  receptor  corresponds  by 
appearance  of  excitation,  which,  by  feedback  channel  —  along  the  sensitive  nerves  — 
spreads  to  the  central  nervous  system  and  thus  reports  to  it  information  about  the 
influence  of  stimulant  on  organ.  In  central  nervous  system  processing  of  obtained 
information  occurs.  In  the  simplest  case  \this  -is  simply  a  transition  of  excitation 
to  the  motor  nerves.  This  occurs,  for  instance,  in  the  spinal  cord  during  an  un¬ 
conditioned  knee  reflex,  consisting  of  tossirg  of  the  leg  during  a  hammer  blow  to 

the  knee  cap  (Fig.  5).  In  more  complicated  cases, 

•  during  conditional  reflexes,  the  arc  locks  through  time 

connections  formed  in  the  cortex  of  large  hemispheres 
of  the  brain.  From  central  nervous  system,  process  of 
excitation  along  communication  channels  —  the  motor 
nerves  —  spreads  to  the  working  organs  —  muscles  and 
_____ _  glands,  causing  their  activity. 

:  V  By  comparing  now  three  block  diagrams  considered 

by  us  of  control  (Figs.  1,  2  and  4),  pertaining  to 
nonautomatic  control,  automatic  control  in  technical 
device,  and  control  in  living  organisms,.,  we  arrive  at 
a  conclusion  concerning,  essential  structural  similarity 


I 


Fig.  5.  Diagram  of  reflex  of  these  diagrams  and  about  the  conformity  of  relations 
arc  of  a  knee  reflex.  1  — 

centripetal  or  sensitive  between  analogous  elements  in  the  different  systems. 


centripetal  or  sensitive 
(afferent)  nerves;  2  — 
spinal  cord;  J>  —  centrif-  First  of  all,  all  considered  control  circuits 

ugal  or  motor  (efferent) 

nerves.  are  characterized  by  the  presence  of  a  closed  cycle, 

closed  link  chain  of  signal  transmission,  that  is, 
transmission  of  information.  On  the  one  hand,  from  regulator  to  controlled  object 
along  conti'ol  circuits  information  proceeds  in  the  form  of  control  signals;  on  the 
other  hand,  from  object  to  regulator  the  transmission  circuit  is  lock*  d  by  feedback 


signals,  carrying  information,  about  the  actual  state  of  controlled  object.  Under 
communication  channels,  transmitting  information,  we  should  understand  any  system 
which,  is  able- to  carry  out  su.ch  transmission:  mechanical,  pneumatic,  electrical  and 
other  channels  in  technical  devices  and  nervous  communications  in  living  organisms. 

Role  of  the  leader  -in  nonautomatic  control  systems  consists  of  processing  the 
information  obtained  about  state  of  the  controlled  object,  comprehension  of  this 
information,  and  production  of  the  best,  most  expedient  decisions  on  object  control. 

In  systems  of'  automatic  control  the  role  of  man  is  transmitted  to  a  regulator, 
which  on  the  basis;  of  obtained  information,  will  make  the  corresponding  "decision."1 
Instead  of  man,  now  the  regulator  must  execute  defined  "logical"  functions,  character¬ 
ized  by  formula  "if...,  then  ..."  (if  some  information  is  obtained,  then  it  is 
necessary  to  fender  on  the  controlled  object  a  certain  influence).  Role  of  the 
regulator  belongs  to  organs  of  central,  nervous  systems  in  living  organisms. 

Consideration  of  above  mentioned  control  circuits  penults  making  the  conclusion 
that  cybernetics  as  a  mathematical  science  regarding  control  in  the  widest  sense  of 
the  word  should  include  the  following  main  divisions. 

1 i  Theory  of  systems  of  automatic  adjustment,  where  basic  attention  of 
cybernetics  is  allotted  to  role  of  feedbacks  both  in  technical  devices  and  in  living 
'organisms. 

2.  Information  theory,  considering  questions  of  information  transmission  along 
various;  communication  channels,  including,  the  nervous  system  of  living  organisms, 
and  processing  the  information  in  regulators,  including  in  the  organs  of  the  central 
nervous  system  of  living  organisms. 

3.  Theory  of  regulators  from  the  point  of  view  of  their  ability  to  perforin 
defined  logical  functions.  Practically,  at  present,  as  the  most  accomplished  re¬ 
gulators,  allowing  a  comparison  with  functions  of  organs  of  the  central  nervous 
system  of  living  organisms  and  man,  high  speed  electronic  computers  are  used.  There¬ 
fore,  in  cybernetics  theory  is  considered  of  these  machines  and,  in  the  first  pla.ce, 
theory  of  their  fulfillment  of  logical  processes,  similar  to  the  processes  of  human 
thinking. 


■‘■Here  and  subsequently  everywhere  it  is  necessary  to  remember  that  the  use  of 
similar  anthropomorphous  (nianrlike)  terminology  with  respect  to  machines  is  purely 
conditional,  and  serves  for  simplification  of  the  account.  Actually,  of  course 
machines  do  not  "make  decisions,"  do  riot  "think,"  and  do  hot  possess  a  "memory"  j.n 
the  general  concept  of  the  word. 
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In  cybernetics,  belonging  to  class  of  exact  sciences,  the  most  important  role 
is  played  by  mathematical  methods  of  investigation..  Especially  important  for 
cybernetics  are  such  divisions  of  mathematics  as  the  probability  theory,  mathematical 
statistics;,  theory  of  random  processes,  mathematical  logic,  theory  of  algorithms, 
set  theory,  theory  of  functions,  theory  of  games  and  investigation  of  operations. 

Elementary  questions  of  the  theory,  structure,  designs,  programming  and  use  of 
contemporary  cybernetic  machines  are  presented  in  Chapters  2  and  3.  Below  certain 
initial  information  is  given  about  forms  of  automatic  devices,  according  to  the 
theory  of  automatic  adjustment,  and  also  basic  ideas  from  the  information  theory. 

2.  Automatic  Devices 

For  practical  realization  of  an  automatic  control  system  by  some  sort  of  process, 
certain  complex  of  automatic  devices  is  necessary.  Depending  upon  concrete  require¬ 
ments  presented  to  the  system,  these  devices  can  be  built  on  mechanical,  electro¬ 
mechanical,  pneumatic,  electronic,  and  other  elements.  However,  regardless  of 
those  physical  principles  which  are.  assumed  in  the  basis  of  construction  of  these 
devices,  they  can  be  subdivided  into  the  following  basic  forms  (Fig.  6):  devices 
of  automatic  monitoring,  automatic  protection,  automatic  control,  and  automatic 

adjustment . 

, Automatic  monitoring  is  a 
field  of  technology,  to  which 
pertain  means  and  methods  designed 
for  automatic  observation  of  the 
state  of  units  and  movement  of  an 
industrial  process.  Devices  of 
automatic  control  include  the  means 
Fig.  6.  Classification  of  automatic  devices.  of  aut0matic  yield  of  different 

data  (data  units  of  pressure, 

temperature,  level  and  others),  control  of  dimensions  and  quality  of  the  treatment 
of  articles,  all  possible  forms  of  automatic  singalling,  automatic  measuring  devices, 
and  so  forth.  At  the  output  of  devices  of  automatic  monitoring  there  can  be  different 
indicators  (measuring  scales,  light  signals,  tableaux,  sirens),  self-recording 
registering  attachments,  and  actuating,  attachments,  designed  for  automatic  sorting  of 
articles. 

Devices  of  automatic  protection  serve  to  automatically  prevent  accidents  and 
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breakdowns,  which  can  appear  in  any  units  due  to  exceeding  the  permissible  values  of 
currents,  voltages,  .pressures,  shifts,  and  so  forth.  Especially  wide  propagation 
has-been  enjoyed  b>  devices  of  relay  protection  in  power  systems.  At  present, 
relay  .protection  Has  been  turned  into  ah  important,  independent  field  of  automation. 

Devices  of  automatic  control  are  the  totality  of  technical  means  for  automatic 
turning  on  and  turning  off,  start,  stop,  change  of  direction  and  speed  of  any  mech¬ 
anisms-  and  systems  j 

*  -  O 

Automatic  control  is  carried  out  especially  successfully  during  the  use  of 
electrical  drive.  Here  problem  is  considerably  facilitated  of  smooth  speed  adjust¬ 
ment,  service  of  corresponding  mechanisms  is  simplified,  and  possibility  of  remote 

0  - 

control  at  great  distances  is  ensured. 

Automatic  adjustment  is'  that  field  of  automation  to  which  pertain  methods  and 
means,  ensuring  support  for  a  certain  time  with  an  assigned  accuracy  of  defined 
constant^ parameters  of. the  adjustable  process.  In  a  number  of  cases  the  parameters 
characterizing  process  movement  must  be  automatically  changed  in  time  by  certain 
previously  assigned  law,  or  depending  upon  flow  conditions  of  the  actual  process. 

3.  Automatic  Adjustment 

Let  us  return  once  again  to  the  block  diagram  of  automatic  control,  depicted  in 
Fig.  2.  In  any  control  sytem  there  exist  so-called  assigning  and  perturbing 
influences.  Assigning  are  useful  influences,  ensuring  the  assigned  operating  con¬ 
ditions  of  the  system.  Perturbing  are  undesirable  influences  which  are  the  con¬ 
sequence  of  a  change-  of  external-  conditions  (temperature,  pressure  and  so  forth), 
load,  and  several  other  factors,  which  often  cannot  be  anticipated  beforehand:  they 
are  the  cause  of  disturbance  of  the  necessary  functional  connection  between  controll¬ 
ing  action  and  adjustable  magnitude.  The  existence  of  disturbances  causes  the 
necessity  for  the  presence  in  systems  of  feedbacks  and,  consequently,  of  a  closed 
transmission  cycle  of  information,  in  generai,  automatic  adjustment  can  be  defined 
as  automatic  control  along  a  closed  cycle. 

Assigning  influences  are  divided  into  three  forms:  constant  influence,  pre¬ 
viously.  undetermined  influence,  and,  finally,  influence  which  is  a  certain  assigned 
time  function.  Correspondingly  we  distinguish  three  forms  of  automatic  adjustment: 
stabilizing,  follow-up,  and  programming.  During  stabilizing  adjustment,  problem  of 
supporting  some  parameter  of  a  process  as  constant  is  performed.  The  above  considered 
centrifugal  regulator  of  a  steam  engine  constitutes  one  of  the  first  systems  of 
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stabilizing  adjustment.  Stabilizing  systems  have  found  wide  application  In 
supporting  the  constancy  of  speed,  pressure,  temperature,  voltage,  magnitude  of 
current,  and  so  forth.  In  radiotechnical  practice,  for  instance,  such  stabilizing 
devices  are  Widely  applied  as  different  stabilizers  of  current  and  supply  voltage, 
automatic  gain  control  in  receivers,  (ensuring  relative  constancy  of  voltage  at 
output  of  receiver  during  considerable  changes  of  voltage  at  the  input),  compressors 
in  modulation  devices  (ensuring  relative  constancy  of  modulation  coefficient  during 
considerable  oscillations  of  modulating  voltage),,  frequency  stabilization  devices, 
and  others. 

In  follow-up  adjustment,  the  value  of  adjustable  parameter  is  changed  depending 
upon  some  other  parameter,  introduced  from  without  or  characterizing  the  flow  of  the 
very  same  process.  Follow-up  systems  are  widely  used  for  remote  control  of  different 
objects,  when,  for  instance,  a  turn  of  a  handle  at  certain  angle  causes  a  turn  to 

the  same  angle  of  a  shaft  or  rudder,  and  in  telemetries,  when,  for  instance,  shift 
of  a  measured  object  causes  corresponding  shift  of  the  pointer  of  a  measuring  in¬ 
strument.  Such  follow-up  systems,  in  which  input  and  output  magnitudes  are  mechanical 
shifts,  are  sometimes  called  servomechanisms.  Examples  of  application  of  follow-up 
systems  in  radiotechnical  practice  are  devices  of  automatic  control  of  receivers, 
radar  tracking  systems  of  aircraft,  and  others. 

Erogram  adjustment  Is  such  a  system,  in  which  the  values  of  adjustable  para¬ 
meters  are  automatically  changed  in  time  in  accordance  with  the  program  embodied  In- 
the  regulator.  However,  even  In  this  case,  the  role  of  feedbacks  Is  not  lowered, 
since  it  remains  a  necessity  of  control  due  to  the  fact  that  the  controlled  object 
actually  reacts  to  control  signal,  but  consequently  there  is  the  necessity  of 

i 

correcting  control  signals  in  accordance  with  the  program  and  r/ith  information  about 
the  actual  state  of  the  object. 

According  to  the  character  of  change  of  the  adjustable  magnitude,  we  distinguish 
continuous  and  discrete  systemsof  automatic  adjustment. 

Continuous  are  such  systems,,  in  which  a  continuous  change  of  the  adjustable 
parameter  is  conditioned  by  continuous  change  of  mechanical,  electrical,  and  other 
magnitudes  in  all  links  of  the  system.  Here  the  structure  of  all  connections  in 
the  system  remains  constant,  and  output  signals  of  each  link  constitute  continuous 
functions  of  influences  and  time. 

In  discrete  or  intermittent  systems  of  automatic  adjustment,  continuous  change 
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of  adjustable  parameter  corresponds  to  Intermittent  change  of  signals,  at  least 
in  one,  of  the  sections  of  the  system.  Discrete  systems  in  turn  can  be  divided  into 
relay  and  pulse  types. 

The  relay  is  such  a  system,  one  of  basic  sections  of  which  is  an  element  of 
relay  action  (relay),  ensuring  intermittent  change  of  the  output  magnitude  during 
continuous  changes  of  the  input,  when  the  latter  passes  through  certain  fixed  values, 
called  threshold. 

As  a  simple  example  we  will  consider  relay  system  of  automatic  adjustment  of 
temperature,  depicted  in  Fig.  7&.  Such  a  system  is  applied,  for  instance,  in 
thermostats  of  master  oscillators  of  radio  transmitters,  where  to  ensure  the  constancy 
of  generated  frequency,,  very  important  is  the  constancy  of  temperature  of  components 
and  the  stabilizing  quartz  plate.  Constant  temperature  in  the  thermostat  is  supported 
by  heating  element  H.  For  automatic  temperature  control  here  thermoregulator  is 
applied,  which  is  mercury  thermometer  T,  in  the  upper  and1  .lower  parts  of  glass  tube 
of  which  platinum  electrodes  are  soldered .  Upon  switching  on  the  feed  to  grid  of 
tube  JI,  through  resistor  R  positive  voltage  is  sent,  as  a  result  of  which  in-  anode 
circuit/ of  the  tube  great  current  is  established,  flowing  through  the  winding  of 
relay  P.  Relay  armature  is  attracted  and  locks,  the  circuit  of  heating  element. 

When  temperature  lri  the  thermostat  reaches  a  certain  given  value,  mercury  in  thermo- 

<* 

regulator  reaches  the  upper  electrode,  grid  of  tube  locks  through  mercury  with  cathode* 
and  Is  potential,  of sgrid  becomes  equal  to  zero.  Plate  current  here  is  considerably 
decreased,  relay  releases  the  contact,  and  preheating  circuit  is  broken.  Upon  cool¬ 
ing  of  thermostat,  circuit  in  thefraoregulator  breaks,  relay  is  attracted,  and  again 
turns  on  the  preheating. 


Fig.  7.  Devices  of  automatic  adjustment,  a)  relay 
system  of  automatic  adjustment  of  temperature  in  the 
thermostat;  b)  pulse  element  "with  incident  arc."' 


In  the  described  system  the  relay  element  can  have  two  states  —  switched  on  and 
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off,  where  in  the  process  of  work  it  will  he  in  a  continuous  oscillatory  node. 
Regulators  of  similar  kind,  in  which  there  is  a  two-position  relay  element  are 
called  vibration  elements. 

Similarly,  automatic  control  of  speeds  of  electric  motors  is  often  performed.. 
The  circuit  for  this  can  be  built  In  such  a  way  that  the  centrifugal  regulator, 
mounted  on  axis  of  electric  motor,  upon  exceeding  the  assigned  number  of  turns  locks 
the  contact,  shunting  additional  resistor,  switched  consecutively  into  circuit  of 
excitation  winding.  With  this  current  is  Increased,  and,  corresponding  so  is  the 
magnetic  flux  of  excitation,  which  leads  to  deceleration  and,  consequently,  the 
shunting  contact  will  be  opened.  Speed  increases  again,  contact  locks,  etc.  Thus, 
under  action  of  vibration  regulator  continuous  oscillation  of  electric  motor  speed 
near  a  certain  assigned  va’ue  occurs. 

Pulse  system  of  automatic  adjustment  is  that  system  in  which  the  magnitude 
at  output  of  one  of  its  elements  constitutes  a  sequence  of  pulses.  Amplitude, 
duration,  or  frequency  of  following  of  these  pulses  are  the  function  of  the  magnitude 
on  element  input  in  separate  moments  of  time. 

As  an  example  let  us  consider  pulse  element  with  so-called  "incident  arc" 

(Fig.  7b).  Element  consists  of  incident  arc  1,  which  cyclically  shifts  upwards  and 
downwards  with  the  help  of  drive  2,  rotating  with  certain  assigned  angular  velocity 
o>.  Under  the  arc  there  is  contact  3,  connected  with  pointer  of  measuring  instrument, 
5.  During  shift  of  arc  downwards,  contact  3  Is  connected  with  potentiometer  4, 
where  it  locks  output  circuit  6.  Magnitude  and  polarity  of  voltage  at  output  of 
element  U  depend  on  position  of  contact  3  with  respect  to  point  0  at  the  moment 
of  touch  of  this  contact  with  potentiometer.  Since  contact  is  connected  with  pointer 
of  measuring  instrument,  voltage  at  the  output  in  the  end  turns  out  to  be  propor¬ 
tional  to  input  magnitude  measured  by  instrument.  Touching  time  of  contact  3  with 
potentiometer  is  constant  and  does  not  depend  on  position  of  contact.  Thus,  duration 
of  voltage  pulses,  taken  from  potentiometer  to  the  output,  is  also  constant,  and 
amplitude  and  polarity  of  each  of  these  pulses  are  determined  by  position  of  the 
contact  with  respect  to  median  point  of  potentiometer,  i.e.,  value  of  input  magnitude 

At  present,  as  elements  which  execute  conversion  of  input  magnitude  into  a 
sequence  of  pulses,  more  often  different  electronic  circuits  are  being  used. 

Considered  simplest  examples  pertain  to  systems  in  which  stabilizing  adjustment 
is  carried  out  by  one  parameter  (temperature,  speed  of  rotation) . 
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of  .^--^sseas^I^'-prpeess.  cSacrectevimea  by  several  parameters,  Is  shown  In  Fir*.  S. 
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^ig}=r  .  Ra-Ehs-  *B-| 

•^nlSBr  "  '  .  steed  t,  aressares  o>,  and  t-screra- 

>•  .  tin,  «.  **F»  -fri  HI  «  1CL, 

oj  *  "  ^  -  *  ,a  LaJ  ui  uf  T.nrg.  <*m  set  sas  assume  that  t!w 

SfiMlHEEH  *0|  assigned  values  by  sort;  program  ■„-.* 

|-  I  these  parameters  are  nsgni  tuies 

•  '  r  .  .  ~*~*  v^,  a»Q  and  wq,.  Let  os  assume  that 

finally,  tret  tie  process  is  I&- 

is.  C&BSsrehseaslve  felscSc  ddLasaram  of  aato-  __  .  .  . 

•  r .  ~  _  _  . 1  .  .  .  daeaced  by  such  external  data  5s 

satis  system  of  pisgtaHnned -aljsstaest  using  a  ■* 

asasjiatsssv  ambient  tenujersture  r.  a^d 


atas-isg&asfc  pressure  p  .  E-sea  to  the  temsater  2?,  called  user;  te  s-zecctc  !'--ical 

fwtl&es  of  the  sort  favorable  contra!  of  a  glT«a  Indus  trial  process,  there  r»-  -il*j 

pr>  ;ed  ;s«s  fallowing  Isfomatlffla.  First,  Into  It  there  should  i«  irtr- -iuc-ed  *• -rk 

prs-sram,  which  assigns  laac  of  change  In  tine  of  values  of  parameters  v,v  &c,  a-J  *.&. 

•V--  -saly.  Into  the  g?  there  should  proceed  Information  of  asternal  factors  ar.d 

*.  _.  affecting  Industrial  process.  Magnitudes  and  t*_  rose  be  measured  « .. 

n  a~->rlng  Instruments  if,  and  Kg,  and  tneir  readings  (after  conversion  ly  coav«.r'.--rs 
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o.j’irs  of  all  informatics  obtained,  where  actual  data  are  collated  about  work  of 

v,  p  and  t  with  the  assigned  v^,  pQ  and  t^  external  factors  tjE  aiii  ar-. 

.-  e.si  :•: red,  and  controlling  .signals  u, ,  u_j  and  u.,  are  produces,  which  -iii  be  on- 
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Described  systems  of  automatic  adjustment,  possessing  rigid  characteristics, 
sometimes  work  worst  than  nonautocatic  systems  with  the  participation  of  a  human 
operator,  who  can,  upon  necessity,  by  adjusting  the  flow  of  adjustable  process, 
change  the  methods  of  control. 

The  successes  attained  in  development  of  electronic  cybernetic  technology, 
have  allowed  creating  so-called  self-adjusting  systems  of  automatic  adjustment.  In 
distinction  from  ordinary  systems,  where  automatic  control  Is  performed  by  a 
strictly  defined  law,  in  self-adjusting  systems  automatic  change  of  adjustment  law 
takes  place.  In  most  cases  this  automatic  change  of  law  has  as  its  purpose  a 
guarantee  of  extreme  (maximum  or  minimum)  values  of  certain  parameters  of  the  ad¬ 
justable  process. 


4.  Information  Theory 

From  that  presented  earlier.  It  follows  that  in  the  process  of  automatic  control 
there  occurs  a  transmission  of  different  signals  (information)  along  communication 
ciiannels  as  well  as  processing  of  this  information  in  regulators.  Therefore,  one 
of  the  most  important  divisions  of  cybernetics  Is  the  so-called  information  theory, 
which,  in  technical  understanding,  can  be  defined  as  transmision  theory  of  infor¬ 
mation  along  communication  channels. 

Let  us  consider  diagram  of  information  transmission  along  communication  channel 
shown  in  Fig.  9-  Information  produced  by  the  source  and  subject  to  transmission 
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rig.  9-  Diagram  of  information  transmission 


along  communication  system. 


(human  speech,  music,  text  of  a 
telegram,  an  image  and  so  forth) 
must  be  preliminarily  turned  into 
an  electrical  signal  which  is  con¬ 
venient  for  transmission  along  the 
line.  This  conversion  occurs  in  the 
transmitter,  to  which  we  will  refer 


a  microphone,  telegraph  key,  a  transmitting  television  tube  and  other  converters 
information  into  electrical  signals,  and  also  the  necessary  high  frequency 
"*eci ilators,  modulation  devices,  amplifiers,  and  so  forth.  From  the  transmitter  the 
signal  enters  line  (wire,  cable,  radio  link)  and  spreads  along  it  to  the  receiver, 
ir.  which  there  occurs  inverse  transformation  of  the  signal  into  information  delivered 
*ro  recipient.  Transmitter,  line,  and  receiver  form  the  communication  channel, 
■•ring  transmission  along  communication  channel  absorption  and  distortion  cf  signal 


-17- 


occur*  and,  furthermore,,  sources  of  interferences  mix  interferences  with  signal  which 
in  the  endkalso  hinder  correct  reproduction  of  information  on  the  receiving  end. 

Basic  problems  which  stand  before  the  information  theory  are  first,  the  question 
about  the  most  productive  use  of  the  channel,  i.e.,  how  to  transmit  the  greatest 
quantity  :of  information  along  channel,  and,  secondly,  question  about  reliability 
of  communication,  i.e.,  the  ability  of  the  communication  system  to  deliver  informa¬ 
tion  to  recipient  with  minimum  losses  and  distortions. 

;;  Let'  us  first  consider  the  question  about  efficiency  of  using  the  communication 
channel.  Role  of  communication  channel  consists  of  transporting  information  from 
source:  to  recipient.  Therefore,  from  the  point  of  view  of  transmission  technology, 
it  is  necessary  to  find  such  properties  of  signals  by  which  it  is  convenient  to 
characterize  conditions  of  their  movement  along  the  channel.  It  is  possible  to 
conduct  a  certain  analogy  between  transporting  signals  along  channels  and  loads  along 
means  of  communication.  From  the  point  of  view  of  shipment  technology,  we  are  by 
far  interested  in  all  characteristics  of  the  load.  Thus,  for  instance,  from  the 
point  of  view  of  the  transport  worker,  such  characteristics  are  very  important  as 
load  weight  and  its  size  (dimensions).  However,  for  instance,  the  color  of  this 
load  does  not  affect  the  technical  conditions  of  Its  transport.  Similar  to  this, 
the  signal  can  be  characterized  by  certain  basic  parameters  (properties),  having 
the  greatest  value  during  its  transmission  along  the  channel. 

Such  signal  properties  are  obviously  its  magnitude  or  intensity,  and  the 
frequency  band  occupied  by  the  signal,  since  these  parameters  determine  the  corres¬ 
ponding  requirements  for  the  communication  channel.  Another  important  characteristic 
is  the  signal  duration,  determining  holding  time  of  the  channel.  At  the  same  time 
the  mfaning  of  the  information  contained  in  the  given  signal  plays  no  role  from  the 
point  of  view  of  transmission  technology.  Transmission  of  the  information  "terminal 
stage  of  powerful  amplifier  broke  down"  or  "on  Monday  meet  the  twentieth  train,  rail¬ 
road  car  11"  requires  identical  time  and  identical  expenditures  of  electrical  energy, 
since  each  of  these  reports  contains  an  identical  quantity  of  letters,  although  they 
sharply  differ  from  each  other  in  meaning. 

Let  us  stop  more  specifically  on  the  basic  (from  the  point  of  view  of  trans¬ 
mission)  characteristics  of  the  signal.  Most  important  is  the  signal  intensity, 
expressed  by  its  electrical  power.  However,  since  practically  the  properties  of  th<- 
signal  as  a  carrier  of  information  are  not  determined  by  its  absolute  magnitude, 
but  by  going  beyond  the  level  of  the  signal  above  level  of  interferences,  then  as  a 
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standard  of  signal  intensity  we  select  the  relation  of  signal  power  pc  to  power 
acting  in  interference  channel  P  .  Here,  to  obtain  a  more  convenient  mathematical 
relationship  we  take  not  the  absolute  value  of  this  relation,  but  its  logarithm. 
Thus,  magnitude  of  signal  excess  over  interference,  or  relative  average  levei  of 


signal  over  interference. 


P  1 


Following  parameter  of  the  signal  is  the  width  of  its  spectrum,  F,  constituting 
the  difference  between  maximum  and  minimum  frequencies  available  in  signal  spectrum: 

— f***- 


Finally,  signal  is  characterized  by  duration  T,  equal  to  difference  between 
cessation  time  (end)  of  signal  t^  and  time  of  its  beginning  t  : 

Wr~V 


If  one  were  to  imagine  the  signal  characteristics  which  we  selected  in  the  form 
of  segments  of  straight  lines,  expressed  in  a  defined  scale,  and  to  place  these 
segments  parallel  to  three  mutually  perpendicular  axes  of  coordinates:  axis  of 
relative  levels  h,  axis  of  frequencies  f,  and  axis  of  time  t,  then  it  is  possible 
geometrically  to  imagine  the  signal  in  the  form  of  the  volume  of  a  parallelepiped 
with  ribs  H,  F  and  T,  constituting  the  dimensions  of  the  signal  (Fig.  10).  Product 
V  =  HFT  will  be  called  volume  of  the  signal. 

».  By  analogous  parameters  we  can  characterize  the 


Fig.  10.  Geometric  repre¬ 
sentation  of  the  signal. 


communication  channel.  Let  us  designate  by  the 
permissible  range  of  changes  of  power  in  the  channel, 
and  by  F„  the  spectrum  width  of  frequencies,  passed 
by  the  channel,  and  by  TK  the  busy  period  of  the 
channel.  Then  properties  of  the  channel  on  the  whole 
can  be  characterized  by  product  VK  =  HkFkTh,  which  will 
be  called  capacity  of  the  channel. 


1This  expression  for  H  is  convenient  to  use  when  the  signal  considerably  exceed.: 
the  interferences.  More  exact  is  the  expression 


W-Jlo,  (»+£). 
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So  that  channel  ensured  transmission  of  a  given  signal,  it  is  necessary  to 

observe  condition  V.  2  v  ,  i.e.,  so  that  signal  volume  fit  in  channel  capacity. 

K  ^ 

Capacity  of  effective  communication  channels  is  usually  greater  than  volume  of 
signais  transmitted  along  it,  and  to  increase  efficiency  of  channel  use  it  is 
necessary;  ;by  applying  corresponding  signal  conversion  methods,  to  seek  as  large  as 
.possiViev£n'  approximation  to  equality  VK  *  V  .  Transmission  of  signals  in  communica¬ 
tion  systeaa  is  not  ah  end  in  itself.  In  the  end  we  are  interested  not  in  transmission 
of’  signais,  but  in  transmission  of  information;  signals  are  only  convenient  for  the 
transmission  by  form,  into  which  information  will  be  converted.  Therefore, 
problem  of  effective  use  of  a  communication  channel  also  requires  maximum  filling 
of  signal  volume  by  transmitted  information  or  reports. 

However*  if  we  relatively  lightly  dealt  with  measurement  of  signal  volume  and 
channel  capacity,  then  the  measurement  of  quantity  of  reports  or  amount  of  informa¬ 
tion  is  a  more  difficult  problem,  especially  considering  the  qualitative  uniqueness 
of  different  reports  (literal  text,  speech,  music,  image)  and  the  necessity  of 
finding  such  a  unit  of  measurement  which  would  turn  out  to  be  useful  for  the  measure¬ 
ment  of  these  qualitatively  different  forms  of  information.  After  prolonged  searches 
for  the  unit  of  information  it  was  agreed  to  accept  the  so-called  binary  digit, 
which  is  a  quantity  of  information  obtained  as  the  result  of  single  selection  from 
two  equiprobable  possibilities.  Let  us  examine  this  determination. 

We  assume  that  we  have  a  box,  into  which  we  placed  two  white  spheres.  Let  us 
now  extract  one  of  the  spheres.  Certainly,  this  sphere  will  be  white,  and  nothing 
new  (as  a  result  of  such  an  experiment)  will  be  recognized.  Since  we  knew  beforehand 
that  we  would  extract  a  white  sphere,  then,  removing  it,  we  do  not  obtain  anything 
new,  no  information.  Quantity  of  information  obtained  as  a  result  of  the  experiment 
which  we  performed  is  equal  to  zero. 

Let  us  now  lower  into  the  box  one  white  and  one  black  sphere.  Now  we  no  longer 
can  predict  beforehand  what  color  the  sphere  will  be  which  we  will  remove  from  the 
box.  The  probabilities  of  extracting  a  black  or  white  sphere  are  absolutely 
identical,  and,  thus,  extracting  this  or  that  sphere,  i.e.,  performing  a  single 
selection  from  two  equiprobable  possibilities  will  be  recognized  as  something  pre¬ 
viously  unknown,  and  we  will  obtain  certain  information,  the  quantity  of  which  was 
agreed  to  be  accepted  as  equal  to  one  binary  digit. 

Let  us  now  assume  that  we  lowered  into  an  urn  32  tickets  with  different  letters 
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of  alphabet  written  on  them.  If  tickets  are  well  mixed,  then  probability  of 
extracting  any  one  of  tickets  is  identical.  Let  us  try  to  calculate  in  binary 
digits  the  quantity  of  information  which  we  will  obtain  when  extracting  one  of  the 
tickets.  For  this  it  is  necessary  to  reduce  the  process  of  detecting  a  defined 
ticket  to  a  series  of  single  selections  from  two  equiprobable  possibilities.  This 
is  possible  so.  Let  us  divide  all  tickets  into  two  equal  groups  of  16  tickets 
each,  licket  interesting  us  will  appear  in  one  of  these  groups.  That  group  where 
the  desired  ticket  is  absent,  will  be  placed  aside,  and  the  remaining  we  will  divide 
by  two.  Now,  as  a  result  of  second  experiment,  the  necessary  ticket  will  appear  in 
one  of  the  gioups  of  eight  tickets.  We  will  perform  such  selections  from  two 
equiprobable  possiblities  until  in  the  group  there  remains  only  the  one  ticket 
which  interests  us.  It  is  not  difficult  to  calculate  that  this  will  be  obtained  as 
a  result  five  seseotions  from  two  equiprobable  possibilities.  Hence  conclusion  can 
be  made  that  quantity  of  information,  obtained  as  a  result  of  extraction  of  one  of 
32  equiprobable  tickets,  will  be  equal  to  five  binary  digits.  In  general  It  is  easy 
to  show  that  with  such  an  approach  to  measurement  of  information,  the  quantity  of 
information  I,  obtained  during  accomplishment  of  one  of  n  equiprobable  events,  will 
be  equal  to  logarithm  of  the  number  of  these  events,  taken  at  base  2: 

/-logy*. 

Everything  said  until  now  pertains  to  Information  obtained  as  a  result  of  the 
fact  that  one  of  several  equiprobable  events  is  accomplished.  However,  in  real  cases 
of  information  transmission  along  communication  channels  as  a  rule  we  deal  with 
events  of  unequal  probability.  Thus,  for  instance,  during  transmission  of  telegraph 
text  in  the  Russian  language,  probability  of  obtaining  the  letter  0  is  considerably 
greater  that  probability  of  obtaining  the  letter  H,  since  in  Russian  text  0  is 
encountered  approximately  6  times  more  frequently  than  H.  Comparatively  simple  con¬ 
clusion  permits  determining  information  I,  pertaining  to  one  letter  of  the  alphabet 
of  a  language,  characterizing  a  defined  distribution  of  probabilities  of  the  appear¬ 
ance  of  separate  letters: 

/“ — (Pi  Iogjp»+p*lop,pi  +  ... +p,  Iogjp»)  binary  digits. 

In  this  expression  p^,  p^,  ...,  pn  constitute  the  probability  of  appearance 
of  each  of  n  letters  in  a  given  language.  Let  us  remember  that  probability  p  of 
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some  event  is  called  the  relation  of  the  number  of  events  interesting  us  to  total 
amount  of ^events accqn^?iished  in  a  sufficiently  large  total  amount  of  events,  i.e., 
in  a  nassccl^racter  of-  operations.  For  instance,  in  order  to  determine  the 
probability  of  appearance  in  a  text  of  a  given  language  of  the  letters  a,  b  etc.,  it 
is  necessary  io;  take  some  book,  printed  in  this  language,  calculate  the  total 
amount  of  letters  in  the  text,  n,  and  quantity  of  letters  a  (r^),  b  (r^ )  etc.  Then 
probabiiity  :of  letter  a  will  be  pa  =  n^n,  and  probability  of  letter  b  wi  11  be 

%  t  ^  etC* 

Probability  of  any  event  p  is  always  smaller  or  is  equal  to  one  (p  <  1). 
Probability  of  a  reliable  event  is  equal  to  one  (such,  for  instance,  as  the  prob¬ 
ability  of  extracting  a  white  sphere  from  the  urn,  filled  only  with  white  spheres). 
Probability  of  an  impossible  event  is  equal  to  zero  (for  instance,  probability  of 
extracting-  a  white  sphere  f rom  an  urn  filled  only  with  black  spheres ) .  It  is  still 
necessary  to  stress  that,  results  of  determination  of  probabilities  close  to  truth 
car  be  only  obtained  in  the  analysis  of  sufficiently  mass  operations.  Thus,  for  the 
determination  of  probabilities  of  the  appearance  of  letters  in  a  text  it  is  possible 
to  take  any  sufficiently  thick  book  in  a  given  language,  and  the  results  here  will 
practically  coincide.  However,  if  we  try  to  determine  the  probability  of  letters 
by  analyzing  only  one  page  of  the  text,  the  results  obtained  will  be  different, 
and  in  the  analysis  of  only  one  line,  absolutely  untrue  results  can  be  obtained. 

After  all,  if  in  this  line  we  assume  that  the  letter  d  was  totally  absent,  then-  we 
will  find  that  its  probability  p^  =  0,  i.e.,  we  will  make  the  absurd  conclusion  that 
the  appearance  of  letter  d  in  Russian  text  is  an  impossible  event. 

Above  we  described  a  method  convenient  for  tne  measurement  of  so-called  discrete 
information,  i.e..  Information,  composed  from  a  sequence  of  separate  (discrete) 
elements,  letters.  Text  of  a  report,  transmitted  by  telegraph.  Is  a  typical  example 
of  discrete  information.  However,  transmission  of  continuous  information  consider¬ 
ably  more  frequently  occurs,  a  typical  example  of  which  is  the  transmission  of  a 
telephone  report.  Really,  the  current  in  a  telephone  circuit  is  a  function  which 
is  continuously  variable  in  time  (Fig.  11).  A  continuous  function  of  time  is  the 
television  signal.  Such  a  function,  in  general,  in  a  finite  interval  of  time  from 
t^  to  t2  can  be  completely  exactly  expressed  only  by  an  innumerable  set  of  values, 
i.e.,  an  infinite  quantity  of  numbers,  corresponding  to  instantaneous  values  of  the 
function.  However,  practically,  we  always  deal  with  functions  limited  by  spectrum. 
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Fig-  11.  Graph  of  contin¬ 
uous  time  function. 


Any  function  of  complicated  form  of  a  sum  of  sinusoidal' 
oscillations  of  the  basic  frequency  and  a  number  of 
harmonics,  where  the  spectrum  of  audio-frequencies  is 
limited  by  the  highest  frequency  hea.r  10  kilocycles, 
and  in  telephone  communications  by  a  frequency,  of 
about  3-5  kilocycles. 

For  such  functions  V.  A.  K6ttl‘ihkov  proved  a 
very  important  theorem,  stating  that  a  function  with 


a  frequency  spectrum,  limited  by  highest  frequency  f  can  be  completely  exactly 
represented  by  a  finite  number  of  separate  values  i^,  i2,  i y  . . .,  counted  off 
through  time  intervals 


At- 
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Theorem  of  V.  A.  Kotel'nikov  allows,  thus,  presenting  the  continuous  information 
in  the  discrete  form,  and,  in  particular,  to  spread  to  the  continuous  information 
methods  of  determining  its  quantities,  based  on  the  measurement  of  the  quantity  of 
discrete  information.  On  the  basis  of  this  theorem  there  have  been  developed 
practical  methods  of  so-called  signal  quantization,  i.e.,  transmission  of  a  con¬ 
tinuous  signal  in  the  form  of  sequence  of  its  discrete  values,  which  is  most  widely 
used  in  different  forms  of  pulse  modulation. 

Important  in  information  theory  is  the  idea  regarding  excess.  For  a  elementary 
understanding  of  this  idea  we  will  conduct  the  following  reasoning.  In  the  Russian 
alphabet  there  are  32  letters.  If  one  were  to  limit  the  length  of  a  word  to  one 
letter,  then  the  maximum  quantity  of  possible  words  when  using  this  alphabet  would 
also  be  32.  If  one  were  now  to  set  the  word  length  at  two  letters  and  assume  that 
any,  differing  from  another  combination  of  two  letters  (including  and  identical), 

O 

is  a  significant  word,  then  the  quantity  of  possible  words  will  already  be  32  =  3,  02 Jl 
words.  Finally,  at  word  length  of  three  letters,  the  quantity  of  possible  words 
composed  by  such  a  principle  will  already  be  32^  =  32,768  words,  i.e.,  considerably 
greater  than  we  use  in  dialy  speech. 

At  the  same  time,  average  word  length  in  the  Russian  language  is  about  6  letters, 
'onsoquently,  all  our  written  texts,  spoken  language,  telephone  reports,  and  so  forth, 
are  approximately  two  times  longer  than  they  could  be  with  the  use  of  a  more  economic 
method  of  encoding,  i.e.,  for  natural  language  a  considerable  excess  of  encoding  is 


-23- 


characteristic . 

However.,-  in  spite  of  the  economic  disadvantage  of  encoding  excess,  it  has  its 
essential  merlts.  The  fact  is  that  with  economic  encoding,  when  each,  for  instance, 
trigrapluc^cmhiliatipn'  corresponds  to  a  defined  new  idea,  any  error,  i.e.,  an 
accidental^  'replacement  of  one  letter  by  another  will  -lead  to  the  formation  of  a  new 
word,,  corresponding  to  a  new  idea.  At  the  same  time  the  complicated  system  of 
encoding  ideas  .in  oral  and  written  language  enables  us  as  a  rule,  not  only  easily 
to  r.eveal,  but  also  to  correct  similar  errors.  Thus,  if  we  read  or  heard  the  word 
"oshabka,"  Pizbytuchnost*,"  "kodirobaniye,"  and  others,  then  without  special  difficulty 
we  would  understand  that  these  are  distortions  of  the  words  "oshibka,"  "izbytochnost'," 
arid  "kpdirobaniye, " 

The  same  pertains  to  the  problem  of  correct  identification  of  images  and  other 
objects  —  the .greater  the  quantity,  one  would  think,  of  immaterial  ov ^ects,  not 
determining  the  essence  of  given  object,  but  nonetheless  criteria  usually  peculiar 
to  it,  more  errorfree  would  be  the  identification  of  this  object. 

On  the  basis  of  achievements  of  the  information  theory,  at  present  there  have 
been  developed  a  number  of  greatly  improved  encoding  methods  of  reports.  This  permits 
achieving  the  most  complete  use  of  communication  channels,  and  also  to  increase 
considerably  reliability  of  information  transmission.  In  particular,  there  have 
been  developed  new  modulation  methods,  the  so-called  correlation  method  of  reception, 
which  allows  separating  the  useful  signal  in  the  presence  of  level  of  interference 
exceeding  it,  special  correcting  codes,  i.e.,  codes,  permitting  revealing  and 
correcting  errors  appearing  and  others. 


5.  Calculation  Systems 

One  very  important  questions,  both  from  the  point  of  view  of  communication, 
as  well  as  from  the  point  of  view  of  work  of  electronic  computers  is  the  question 
of  the  simplest,  most  convenient,  and  most  accomplished  methods  of  encoding  magnitut  . 

Any  magnitude  is  usually  represented  (encoded)  in  the  form  of  a  number;  world¬ 
wide  propagation  nas  been  obtained  by  now  so-called  decimal  system,  based  on  the  use 
of  ten  figures  0,  1,  2,  3,  ...,  9  and  initially  appearing  as  the  result  people  using 
the  ten  fingers  of  their  hands  for  counting.  However,  decimal  system  is  not  at  all 
the  only  possible  system.  In  various  time,  various,  various  peoples  have  used 
different  number  systems.  Thus,  for  the  acient  Indians  of  Maya  tribe  icosal  number 
system  was  applied  in  which  after  units  followed  not  ter.,  tut  twenties  and  after  tens 


not  hundreds,  but  fourhundreds  (twenty  twentieths).  Even  now  remainders  of  icosal 
numier  system  are  found  (counting  by  dozens,  grosses,  i.e.,  a  dozen  dozens,  etc). 

For  an  expression  of  numbers  in  the  icosal  system  it  is  necessary  to  arrange 
by  twenty,  and  in  duodecimal,  —  by  twelve  figures.  Systems  are  possible,  also;  with 
a  considerably  smaller  quantity  of  figures.  Thus,  in  the  most  primitive  unit  system 
it  was  sufficient  to  have  only  one  figure  1,  with  the  help  of  which  it  is ^possible 
to  express  any  number  in  the  following  way. 

Decimal  system  12  3  4...  8..., 

Unit  system  1  11  111  1111  . . .  11111111  .... 

It  is  possible  to  construct  a  quinary  (with  five  figures),  ternary  (with  three 
figures),  binary  (with  two  figures),  and  an  infinite  number  of  other  number  systems. 

Let  us  establish  certain  general  laws  of  the  construction  of  position  number 
system,  i.e.,  systems  in  which  the  value  of  each  symbol  (figure)  is  determined  not 
only  by  its  outline,  but  also  its  position  in  the  number  (position) .  For  this  we 
will  consider  (first  of  all)  the  most  wide-spread  decimal  system. 

In  decimal  system,  any  number  N  can  be  represented  in  the  form  of  a  sum  of 
products  of  different  degrees  of  ten  in  coefficients,  which  can  take  one  of  ten 
possible  values. 

In  reduced  form  this  can  be  written  so: 

i=* 

la  I 

where  =  0,  1,  2,  . ..,  9,  and  n  —  is  quantity  of  digits  in  a  number.  For  instance 
the  four-digit  number  7,405  can  be  shown  the  form  of  a  sum:  7,405  =  7 •10^  +  4*102  + 
+  0-101  +  5-10°.  Here  k±  =  5,  =  0,  k?  =  4  and  k^  =  7. 

For  simplification  of  recording  the  number  we  write  only  the  values  of  these 
coefficients  7,  4,  0,  5,  placing  them  from  left  to  right  by  diminishing  indices. 

Here  we  remember  that  if  coefficient  stands  in  the  first  place  to  the  right,  then 
LL  signifies  the  quantity  of  tens  in  the  zero  degree,  i.e.,  the  quantity  of  units, 
but  if  it  stands,  for  instance,  in  the  fourth  place  on  the  right,  then  it  signifies 
the  quantity  of  tens  in  cube,  i.e,,  the  quantity  of  thousand,  etc. 

In  general,  in  any  position  number  system,  certain  quantity  a  of  units  of  first 
digit  (where  a  is  called  the  base  of  system  of  calculation)  are  joined  in  one  unit 
of  the  second  digit,  a  units  of  the  second  digit  is  joined  in  one  unit  of  the  third 
uigit,  etc.  Thus,  any  number  N  in  a  position  number  system  with  base  a  is 
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e^ressed  iri  the  fora:. 
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where1 1  ~^s.Kordlri&i'  number  of  digit,  but  k^  is  coefficient  which  can  take  a  different 
values:':  'jpi^i^.STv;  (a-?l),  When  recording  numbers,  for  simplification  only  value 

of  coefficients  k^,  are  written  which  are  placed  from  left  to  right  by  diminishing 
indices. . ' 

Of  greatest  interest  for  communication,  telemechanics,  telemetries,  and  espe¬ 
cially  for  computer  technology,  is  the  binary  number  system,  in  which  any  number 
canbe  recorded  by  placing  only  two  figures,  0  and  1.  In  binary  number  system  the 
overwhelming  majority  of  contemporary  high  speed  electronic  digital  computers  works. 

In  accordance  with  the  general  recording  formula  of  numbers  in  position  number 
systems,  any  number  in  the  binary  system  can  be  recorded  in  the  form 


1*4 

tel 


where  k^  can  take  only  two  values:  0  or  1.  For  instance,  number  21  in  binary  system 
can  be  shown  in  the  form  of  the  sum: 

21-l*2*+0-24l-2»+0-2»+I-2» 

Recording  this  number  by  the  same  principle  as  in  the  decimal  system  is  possible  in 
the  form  of  consecutively  located  coefficients  with  corresponding  degrees,  i.e.,  in 
the  form 

21  -•  10101. 

0  1 

This  recording  when  reading  is  deciphered  thus:  once  2  =  Ij  not  once  2  =  2;  once 

22  =  4;  not  once  2^  =  8;  once  2^  =  16.  Altogether,  16+0+4+0+1=  21. 

We  will  give  comparative  recording  of  simplest  numbers  in  decimal  and  in  hinary 
systems  of  calculation  (Table  1).  For  fast  translation  from  decimal  system  into 
binary  it  is  possible  to  use  the  following  rule.  It  is  necessary  to  write  in  the  in 
column  the  number  in  decimal  system  and  the  results  of  its  in  series  division  by 
2  (with  rounding  to  integer)  towards  decrease,  then  opposite  every  odd  number  to 
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place  1,  and  opposite  each  even  number  place  G,  and  unit  and  zeroes  obtained  in  order 
of  from  bottom  to  top  will  be  recorded  in  line  from  left  to  right. 

Let  us  illustrate  this  rule  by  example  of  recoded  number  74  Q5  from 
the  decimal  system  in  binary.  We  divide  it  by  2  and  obtain  3702.5,  but 
rounding  it  to  an  integer  towards  decrease,  we  record  3702,  again  divide 
by  2,  record  1851,  etc.,  until  we  obtain  1.  ' 

Then  we  write  opposite  the  odd  numbers  ones,  and  opposite  the  evens 
we  write  zeroes,  and  record  the  obtained  binary  number  1110011 lQllOi , 
which  actually,  as  a  result  of  checks  turns  out  to  be  equal  to  decimal 
number  7405. 

Let  us  compare  (from  the  point  of  view  of  machine  count)  the  binary  considered 
number  system  which  we  considered  with  the  decimal.  Equivalent  numbers  have  in  the 
binary  system  3-4  times  greater  amount  of  digits  than  in  the  decimal  system.  In 
our  example  the  four-digit  number  7,405  in  binary  system  is  depicted  by  thirteen¬ 
digit  number  1110011101101.  This  is  a  deficiency  of  binary  system.  However,  here 
the  numerical  certificate  is  considerably  simplified.  Instead  of  ten  figure-symbols, 
0,  1,  2,  3,  4,  5,  6,  7,  8,  and  9,  necessary  for  depicting  numbers  in  the  decimal 
system,  any  number  in  binary  system  is  expressed  by  using  only  two  symbols:  0  and  1. 

Let  us  compare  the  possibility  of  depicting  (encoding)  a  number  in  the  form  of 
voltages  or  currents  with  different  number  systems  (Fig.  12).  Any  number  can  be 
encoded  ana  transmitted  in  so-called  infinite  number  system,  in  the  form  of  a  voltage 
pluse  or  current,  proportional  in  magnitude  to  this  number.  Thus,  number  7,405  can 
be  encoded  by  voltage  pulse  with  amplitude  of  7,405  v. 

In  decimal  number  system  it  is  possible  to  encode  in  the  form  of  a  sequence  of 
:  *ur  pulse. ,  the  first  of  which  will  have  voltage  of  7  v,  the  second  4  v,  the  third 
v,  ai.c  the  fourth  5  v.  Let  us  assume  now  that  amplitude  of  pulses  is  lowered  by 
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15  shse  is  Hawselng  the  •g-~  *-•>-  -*■  „-f 
pCac^JT  $w-  3^3“  TS?— 

Cl  -n  Is  the  «eassmS:ssIcs  circuit. 
Ifees  in  nSae  first  esse  voltage  cf 
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7.^25-r*’ *  7,55^-35  ~»  sins 
we  will  J:ssin  not  that  rusher 
wfrioh  we  wanted  so  trassa i  s  (error 


daring  Sreraaissien  will  also  fee  23SJ.  If  fey  15  we  decrease  the  -gyp's  &r  pa2s*s 


(Sarins  encoding  ty  ‘fee  oecisag  system,  das,  since  paisas  decoct  acSy  integers,  we 
cisi'Iosssiy  will  fee  able  fey  nagnltode  5—®-25  *  ^.95  '*’  to  gya*-??  that  fey  «rw»-«c  ~f 
raced  frg  Cfc^C  tie  given  palse  deplc  jo  CSss  rxznfeer  5-  Urns,  decimal  ansmres 

somewhat  acre  rail  able  of  informatics .  Bmwever,  sfedLs  (w»»i»t»  of  reliability 


tales  pis.ae  only  afisaas  a  change  of  aaplisnie  cf  paisas  5aes  not  sataaeri 

In  binary  nasfeer  system,  rxanfeer  7,^25*  is  recorded  in  site  fan  111383*11:2*1  M 
and  can  fee  encoded  in  the  form  GPlf*  &  ©s’  11  paleesj,  w&ere  See  paisas,  c.  cre¬ 

st  -suing  so  tmits,  cats  have  any,  les  os  say,  positive  vatloe,  fens  poises 
so  reroes,  saass  have  amplittade  ecsaai  to  sere,  or  «“*>»■  have  any  negate  reist.  5.,-w. 


oscillations  cf  feed  sources  or  a  charge  of  aapilcade  of  the  poises  c.r&rg  tramrJissI  .c. 
■*ver.  fey  sens  of  percents  will  in  no  way  affect  site  asthascicity  of  Information, 
sinae  daring  binary  encoding  we  were  interest  _S  nos  in  magnitude  of  paisa,  feet  the 
far*  itself  its  existence:  if  there  is  a  paisa,  it  that  is  reoordes,  and 

if  there  is  no  paisa,  zero  is  recorded. 


finally,  in  unit  number  system  the  number  7»~*3  can  fee  represented  in  the  font 
of  a  sequence  of  7,-®2  pulses  of  ary  amplitude.  Thus,  in  authenticity  the  unit 
system.  does  not  yield  to  the  felrary,  bat  it  is  extremely  inconvenient,  since  la rv-- 
numbers  represent  a  large  quantity  of  ouises  and  this  means  that  they  reouire  •» -- g-y 
long  tine  for  recording  ana  transmission. 

.  y  canparing  the  properties  of  encoaing  in  the  f oar  number  systems  which  we 
considered,  it  is  possible  to  give  unconditional  preference  to  the  :  inary  system, 
wit:,  which  (cn  the  one  hand)  the  highest  authenticity  of  Information  is  ^nurer, 
ana,  an  th°  other  natta,  recording  and  transmission  of  numbers,  autheush  a^re  pro¬ 
longed  than  during  ail  other  (besides  unit)  systems,  still  occupy  a  fully  accepts: ie 
tine  ierrth.  At  pulse  aeration  on  the  erder  of  microseconds,  th^  overall  -. |r • 
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In  binary  nuaber  systea,  as  can  be  seen  free  given  example,  multiplication  naturally 
leads  to  addition  of  the  nultiplicand  with  itself  as  many  tines  as  there  are  ones 
in  the  multiplier,  only  with  simultaneous  realization  of  shifts  of  these  components 
to  the  left. 

3y  applying  certain  artificial  methods  it  is  possible  to  bring  also  subtraction 
of  numbers  to  addition.  Finally,  division  can  be  performed  by  subtracting  the 
divisor  froa  the  dividend .  Thus,  all  four  arithmetic  operations  can  be  replaced 
by  addition.  Since  different,  core  complicated  calculating  operations  in  turn  lead 
to  sissple  arithmetic  operations,  then  the  possibility  appears,  by  using  only  the 
operation  of  suntatioc  and  certain  simple  auxiliary  logical  operations,  of  solving 
complicated  problems  of  a  computational  native. 


CHAPTER  II 

ELECTRONIC  COMPUTERS 

6.  General  Information  about  Computers 
Rapid  development  of  science  and  technology  requires  the  realization  of 
continuously  Increasing  quantity  of  more  and  core  complicated  and  labor-consuming 
calculations  and  computations.  Humanity  for  a  long  time  has  used  all  possible 
computing  instruments,  facilitating  this  calculating  work.  Such  instruments  Include 
ordinary  office  calculators,  slide  rules,  adding  machines,  all  possible  calculating 
and  perforating  machines  of  mechanical  action,  electronic  analog  and  digital  com¬ 
puters.  All  these  various  computing  instruments  can  be  divided  into  two  basic 
groups:  analog  and  digital  calculating  instruments  and  machines. 

In  analog  Instruments  the  numbers,  with  which  all  possible  operations  are  produced 
are  simulated  by  certain  physical  quantities.  Classic  example  of  analog  instrument 
can  te  such  widely  used  computing  device  as  the  slide  rule.  Here  numbers  are  simulated 
by  lengths.  In  producing  these  or  those  operations  on  the  slide  rule  we  actually 
add  or  subtract  defined  sections  of  length  of  the  body  and  slide,  on  which  (in 
logarithmic  scale)  number  are  written. 

liUmfeers  can  also  be  simulated  by  angles  of  rotation  of  a  shaft,  pressures, 
currents,  voltages,  and  so  forth.  Let  us  imagine  an  adder  circuit  (Fig.  13),  con¬ 
sisting  of  two  potentiometers  R,  and  with  the  help  of  which  we  can  establish 
.'dtages  and  U^,  corresponding  to  the  components  and  measured  by  voltmeters 

V  and  V„.  Then  voltmeter  V  will  show  us  voltage  U  =  +  U^,  i.e.,  voltage, 

corresponding  to  the  sum.  Thus  we  will  immediately  obtain  a  ready  answer,  the  sum. 

applying  relatively  simple  tube  circuits,  it  is  also  possible  to  carry  out 
ratio!.,  simple  arithmetic  operations,  trigonometric  operations,  integration  and  go 


forth. 


The  main  merit  of  analog  computers  is  their 
high  work  speed,  ensuring  solution  of  complicated 
mathematical  problems  during  the  time  of  seconds  or 
even  fractions  of  a  second.  However,  analog 
computers  also  possess  a  serious  deficiency  — 
comparatively  low  accuracy  of  calculations.  It  is 

Fig.  13.-  Simplest  electrical 

adder  circuit  on  potentio-  known,  for  instance,  that  during  calculations  on  a 

meters-.  - 

slide  rule  we  obtain  2-3  exact  signs  in  all.  In 
electrical  and  electronic  analog  machines  the  accuracy  of  calculations  is  influenced 
by  interferences  and  oscillation  of  voltage  of  the  power  supplies.  Finally,  in 
general,  in  conditions  of  rapid  work  it  is  difficult  to  establish  exactly  and  to 
measure  exactly  the  voltage  or  currents  with  high  accuracy.  Therefore,  practically, 
electronalog  computers  give  errors  on  the  order  of  units  of  percents.  Another 
deficiency  of  the  analog  computers  is  their  specialized  character:  diagram  and 
arrangement  of  the  machine  ensure  solution  of  problems  of  a  defined  type:  for 
solution  of  problems  of  another  type  it  is  necessary  to  use  another  machine. 

The  described  properties  of  analog  computers  determine  also  the  field  of  their 
use  in  solutions  of  engineering  problems,  problems  of  a  military  character  (firing, 
bombing,  and  others)  and  other  problems,  for  which  the  accuracy  on  the  order  of 
units  of  percents  is  sufficient,  and  at  the  same  time,  high  work  speed  and  simplicity 
of  exploitation  are  required. 

Digital  computers  work  on  the  principles  of  by-digit  count.  Widely-spread 
simplest  digital  devices  are  office  calculators  and  adding  machines.  Work  accuracy 
of  these  instruments  in  principle  is  not  limited:  It  is  conditioned  only  by  their 
construction,  i.e.,  the  quantity  of  wires  with  balls  in  the  abacus  and  quantity  of 
digital  wheels  in  the  adding  machines.  Hamely  this  property  of  digital  devices  — 
high  accuracy  of  caiculations-conditions  their  exceptional  use  in  bookkeeping  works. 
The  zenith  of  contemporary  computer  technology  are  the  electronic  digital  computers, 
enabling  us  to  carry  out  calculations  with  high  speeds,  attaining  at  present  a 
mission  arithmetical  operations  per  second,  and  with  accuracy  on  the  order  of  tens 
of  correct  signs.  The  most  important  positive  property  of  electronic  digital 
computers  is  also  their  universality.  The  same  machine  can  solve  the  most  variec 
calculating  and  logical  problems,  and,  consequently,  electronic  digital 


computers  open  wide  prospects  of  mechanization  of  mental  labor.  The  future  of 
cybernetics  is  intimately  connected  in  the  first  place  with  the  development  of 
digital  computers;  therefore,  we  will  subsequently  concentrate  our  basic  attention 
on  their  arrangement  and  work. 

Let  us  consider  a  simplified  block  diagram  of  electronic  computer  (Fig.  14). 

In  this  diagram  only  basic  units  of  machine  are  shown  •  nd  their  connections  among 

themselves.  The  .lost  important  parts  of  the 
machine  are  ememory,  arithmetical  and  control 
systems.  The  memory  unit,  [KUj  (3y ),  or 
(shorter)  the  "memory"  of  the  machine  serves 
as  more  or  less  prolonged  storage  of  information 
introduced  into  the  mar nine,  and  intermediate 
and  final  results  of  calculations  performed  by 
machine.  In  arithmetic  unit,  [AU]  (fty  ),  there 
occur  arithmetical  operations  on  numbers 
corresponding  to  program  which  enter  into  it 
from  HU,  where  results  of  these  operations 
return  to  "memory"  of  the  machine  and  are  fixed  in  it.  Finally  the  control  system, 

}UU  ]  (yy  ),  serves  control  of  all  elements  of  the  machine  in  accordance  with  program 
introduced  in  it. 

Through  inlet  [IU]  { Bx  -7 )  lead-in  into  the  machine  of  initial  data  and  program 
of  calculations  takes  place,  while  through  output  devices  [QU]  (Bwc.y)  the  outlet 
of  the  final,  and  in  a  number  of  cases  the  important  intermediate  results  of 
calculations  from  machine  takes  place.  Circuits  of  information  transmission  (numbers, 
program)  are  shown  on  diagram  by  solid  lines,  and  control  circuits  are  shown  by 
s  roker.  lines.  Thus,  if  by  program  the  machine  must  execute  an  operation  of  addition 
of  two  numbers,  then  then  the  control  system  will  prepare  AU  for  execution  of 
audition,  and  memory  unit  will  issue  numbers  into  AU  which  subject  tc  addition.  Sum 
from  AU  will  proceed  again  to  HU,  and  if  it  is  the  final  result,  then  from  ZU  it  will 
enter  output  device  and  will  be  printed. 

Subsequently  we  will  show  hew  each  of  the  devices  of  the  machine  works, 
lowever,  since  the  arithmetical,  memory,  and  controlling  devices,  as  a  rule,  include 
-itctronic  elements  with  two  stable  states  (bistable  or  two-position  elements)  of 


Fig.  14.  Block  diagram  of 
electronic  digital  computer.  Bx.y. 
y  —  inlet;  Ehx.Y.  Y  —  output  device; 
yy  —  control  system;  37  —  memory 
unit;  A7  —  arithmetic  unit. 


o  —c^led  trigger  type  or  trigger  circuits,  we  will  give  first  of  all  certain 


information  about  the  work  of  triggers  and  their  application  in  circuits  of 
cybernetic  machines. 


7-  Triggers  and  Their  Application  in  Cybernetic  Technology 
There  exists  a  large  quantity  of  diverse  variants  of  trigger  circuits.  In 
Fig.  15r one  of  simplest  variants  is  represented  of  trigger  circuit  on  two  triodes. 
Circuit  is  a  "two- tube  amplifier  with  positive  feedback.  At  first  glance  it  seems 
that  with  full  symmetry  of  all  elements  of  the  circuit  it  will  be  in  state  of 

equilibrium  and  currents  in  both  tubes 


a  ial  and  i^  will  be  identical.  However, 

during  more  detailed  consideration  of 
circuit  it  turns  out  that  this 
equilibrium  is  unstable.  Like  a  pencil, 
even  with  ideal  vertical  setting  of  it 
on  the  point,  will  fall  by  action  of 
Fig.  ±5.  Diagram  of  a  trigger  on  triodes.  some  random  cause  (concussion,  puff  of 

wind,  and  so  forth),  we  cannot  beforehand 
predict  to  which  side  the  trigger  (if  left  to  itself)  would  cross  to  one  of  two 
stable  states,  at  which  the  current  in  one  tube  will  reach  a  certain  maximum,  and  in 
the  second  a  minimum,  magnitude. 

Actually  let  us  imagine  that  by  some  random  cause  current  ±al  in  tube  JI . 

was  at  least  insignificantly  increased.  This  immediately  will  lead  to  an  increase 

of  voltage  drop  on  resistor  Ral,  and  consequently,  to  a  decrease  of  voltage  Uai  on 

anode  of  the  first  tube.  But  since  grid  voltage  of  the  second  tube  is  composed 

of  negative  voltage  drop  on  resistor  and  positive  voltage  drop  U'cg  on  resistor 

R*c2»  where  U'^  is  proportional  to  then  decrease  of  voltage 

l?a  will  lead  to  a  drop  of  potential  UC2  on  grid  of  tube  JJ  2,  and  it  means,  also  to  a 

decrease  of  current  i^.  But  a  decrease  of  current  i^  will  lead  to  decrease  of 

voltage  drop  cn  resistor  R^,  an  increase  of  voltage  on  anode  of  tube  JI  2»  and 

increase  of  potential  of  tube  gridJI^,  since  Uc^  depends  on  (^ct3=-^»«X 

* 

Xsrrrne  Increase  of  potential  U  .  will  cause  a  further  increase  of  current 

WftTWM  /  Cl 

iQl,  lowering  of  potential  Ual,  decrease  of  current  i  ,  etc. 

During  corresponding  selection  of  elements  of  the  circuit  this  process  will 

grow  in  the  avalanche  method  and  will  be  ceased,  when  current  i  ,  in  the  first  tu‘cf' 

ai 

reaches  certain  greatest  value,  and  tube  J3  g  will  be  locked  by  negative  voltage 
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U'c2  =  -U-K  +  U’cg.  Similar  state  is  stable  and  will  be  maintained  until  to  input 
1  negative  volgate  pules  will  be  sent.  This  pulse  will  cause  sharp  lowering  of 
current  i  and  this  means  an  increase  Ual  and  U*c2,  which  will  lead  to  unlocking 
of  the  second  tube,  an  increase  of  i^,  a  decrease  of  U^,  lowering  U'c2  and;  in  the 
end,  to  an  avalanche- type  process,  as  a  result  of  which  the  trigger  will  cross  to  a 
new  stable  state,  characterized  by  the  fact  that  tube  JI^  is  locked,  and  current 
in  Ji2  reaches  the  greatest  value.  To  return  the  circuit  to  first  position  it  is 
now  necessary  to  send  negative  pulse  to  grid  of  second  tuve  (to  input  2). 

Capacitors  and  Cg  facilitate  acceleration  of  trigger  transfer  from  one  stable 
state  to  another.  Trigger  circuit  is  usually  not  gathered  on  two  separate  tubes, 
but  on  two  halves  of  one  double  triode,  or  pentode. 

He  will  now  supplement  our  considered  circuit  in  accordance  with  the  needs  of 

computer  technology  (Fig.  16).  Let  us  join  both  inputs  among  themselves,  as  a 

result  of  which  there  will  be  formed  one  common  input;  we  will  make  a  tap  from  anode 

of  tube  Ji^  and  will  call  it  the  trigger  output,  and  we  will  join  grid  of  tube  Jig 

through  valve  [V^]  (B^)  with  one  more 

input,  which  we  will  call  extinguishing 

input  and  we  will  connect  in  parallel  to 

resistor  Rfi2  the  neon  tube  [HL]  (HJ1), 

which,  obviously,  will  bum  only  when  the 

current  ia2  reaches  a  great  magnitude 

and  creates  on  resistor  R^  a  sufficient 

voltage  drop.  Let  us  agree  to  consider 

Fig.  16.  Diagram  of  a  trigger  as  an  as  the  initial  state  of  the  trigger  that 

element  of  a  counting  circuit. 

when  the  current  in  the  first  tube  is 


xtlngui  shirs 


the  greatest,  and  second  tube  is  locked,  and  will  allot  to  this  initial  state  the 
value  0.  Second  state,  when  first  tube  is  locked,  but  current  in  second  tube  is 
the  greatest  will  be  called  the  worker,  and  will  be  allotted  value  1.  Criterion 
of  working  state  of  the  trigger  is  the  burning  of  neon  tube  H. 

Negative  pulse,  sent  to  common  input,  arrives  at  the  grids  of  both  tubes, 
however,  in  locked  tube  it  causes  no  changes,  but  in  an  open  tube  the  current  drops 
rapidly  and  trigger  will  cross  to  the  second  stable  state.  Thus,  supply  of  negative 
pulse  to  input  of  extinguishing,  it  arrives  only  on  the  grid  of  tube  Jig,  sinc^  valve 


V2  does  not  pass  it  to  tube  JI^  and,  consequently,  trigger  transfers  to  initial 
states  ^During  transition  from  initial  state  to  working,  potential  on  anode  of 
tube  4^  is  sharply  increased  which  leads  to  the  appearance  at  the  output  of  the 
trigger  of  a  positive  pulse.  During  transition  from  working  state  to  initial, 
potential  sharply  drops  and  at  output  of  trigger  there  appears  a  negative  pulse. 

'Let  us  now  consider  how  from  several  triggers  it  is  possible  to  compose  a 
circuit  of  a  pulse  counter.  For  registration  of  the  number  of  pulses  which  is 
expressed  in  the  binary  number  system  by  n-digit  number,  the  counter  must  have  n 
triggers.  Block  diagram  of  the  counter  is  shown  in  Fig.  17,  where  every  trigger 

T±,  T2,  ...,  Tn  is  shown  in  simplified 
form  of  a  rectangle  with  two  inputs 
(for  working  pulses  and  pulses  of 
extinguishing),  one  output,  two  tubes 
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Fig.  17.  Block  diagram  of  a  counter  on 
triggers. 


J51  and  ana  neon  tube  NL.  Counter 
is  designed  for  fixation  of  the  quantity 
of  negative  pulses  proceeding  to  its  input.  Upon  entry  of  the  first  pulse,  trigger 
1,  passes  to  the  working  state,  from  which  tube  NL  is  lighted,  and  to  input  of 
trigger  T?  positive  pulse,  is  sent,  which  does  not  change  its  state,  since  valves 
V,  and  Vg  (Fig.  16)  do  not  pass  positive  pulses  into  the  circuit.  Thus,  after  the 
first  pulse,  a  state  will  be  established  characterized  by  the  first  line  of  Table  2. 

Second  negative  pulse  will 

Table  1  move  trigger  into  initial  state, 

its  neon  tube  will  go  out,  from 
it  to  trigger  T^  negative  pulse 
will  proceed,  which  will  transfer 
the  latter  to  the  working  state 
(second  line  of  Table  2).  Third 
pulse  will  cause  a  transition  of 
trigger  T^  to  the  working  state, 
fourth  pulse  will  cause  a  transfer 
of  it  to  the  initial  state,  where 
negative  pulse  will  be  issued  to 

trigger  T0,  which  also  will  cross  to  the  initial  state  and  will  issue  negative  pulse 
to  trigger  T-,  which  will  cross  to  the  working  state,  etc.  Table  2  characterizes 
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state  of  the  counter  after  each  new  pulse. 

In  order  to  eras  information  fixed  by  the  counter  it  is  neoesssary  to  transfer; 
all  triggers  rearing  It  into  the  initial  state  by  supplying  a  negative  pulse  at 
the  extinguishing  input.  Here  all  triggers,  located  in  working  state,  will  issue 
negative  pulses  which  can  be  used  as  readout  pulses  or  for  selection  of  Information 
from  the  counter. 

As  was  already  mentioned,  the  quantity  of  triggers  of  which  the  counter  consists 
should  correspond  tc  the  quantity  of  digits  of  a  fixed  number  in  the  binary  number 
system.  Thus,  for  instance,  for  storage  of  number  ^  three  triggers  are  necessary, 
and  for  storage  of  number  9»  four  triggers,  etc.  Hence  it  is  possible  to  assume 
that  for  fixation  and  subsequent  storage  oi  a  large  number  of  pulses  there  will  be 
neeues  a  very  large  quantity  of  triggers,  but  this  is  not  so.  For  example,  for  the 
storage  of  number  1?7  only  seven  triggers  are  necessary  and  for  storage  of  number 
<109;.  twelve  triggers,  while  for  storage  of  number  1,000,000,  only  twenty  triggers 
are  i  pessary.  However,  memory  units  on  triggers  are  nevertheless  quite  bulky  and 
require  continuous  consumption  of  power.  Therefore,  at  present  for  information 
storage  considerably  wider  use  is  enjoyed  by  other  devices,  further  described. 

Let  us  now  consider  possibility  of  using  trigger  as  element  of  an  arithmetic 
uni '  an  adder.  Diagram  3f  one- digit  adder  on  triggers  for  in-series  addition  of 
!  umi avs  it.  the  binary  number  system  is  shown  if  Fig.  18.  Anodes  of  tubes  of  the 
two  triggers  T.  and  T0  are  fed  from  source  5„  through  resistors  R. ,  R  ,  and  R_, 

1  c,  cL  X  ^  ^ 

t-uses  UJ0,  and  and  valves  B--Bg.  By  magnitude  resistors  R^,  and  are 
considerably  larger  than  resistors  of  trigger  tubes  by  constant  current.  Therefore, 
if  one  of  the  tubes  conducts  current,  then  on  the  busses  to  which  it  is  connected, 
due  to  the  large  voltage  drop  on  resistors,  the  potential  will  be  very  small.  If, 
however,  to  the  Lus  only  locked  tubes  are  connected,  then  on  this  bus  there  will 
•  \ir  high  positive  potential  Ea.  Voltage  at  the  output  of  circuit  C  (sum)  and  II 
(•ransfer)  is  connected  with  potentials  of  the  buses:  voltage  at  the  output  of  II  is 
equal  to  potential  jjj,  with  respect  to  ground,  and  at  output  of  C,  equal  tc  the  higher 
of  pot  ials  Ej.  or  1SU.  Ib*o  to  the  presence  of  valves  and  B^,  bus  with  higher 
potential  is  not  shunted  through  the  bus  with  low  potential. 

Let  ur  a.u-ee  that  the  presence  at  output  of  high  potential  signifies  1,  and 
]  v.v  potential  corresponds  to  0,  and  let  us  follow  how  addition  is  carried  out  in  the 
■i  rmit.  \  ■■•nor.  w  s  A  :n  i  5  are  introduced  into  triggers  T,  and  T. , .  After  addition 

X  / 
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of  each  of  the  digits,  the  triggers,  by 
envelope  of  the  extinguishing  pulse  must 
be  transferred  to  initial  state,  at  which 
current  in  J3^  is  maximum,  and  tube  Ji?  is 
locked,  if  A  =  0  and  S  =  0,  i.e.,  pulses 
do  not  proceed  to  inputs  of  triggers,  thei 
both  triggers  remain  in  the  initial  state 
where  bus  is  grounded  through  and 

bus  is  grounded  through  Jl1T.i,  and  bus 
Ej  is  grounded  through  jl^T^  and  Consequently,  on  all  buses  there  will  be  low 

potential,  and  on  both  outlets  C  and  n  we  will  obtain  0.  Thus  the  operation  of 
addition  is  realized  0  +  0  =  0.  If  now  number  A  =  1  and  B  =  0,  then  trigger  will 

cross,  to  the.  working  state,  where  bus  will  be  grounded  through  JI^T^  and  ar.d 

bus  0^  will  be  grounded  through  Jl1T2,  and  bus  Eg  will  be  ungrounded,  and  the  high 
potential  from  it  will  arrive  at  output  C.  Thus  will  be  realized  the  operation 
1  +  0  =  lT  in  the  sun  and  0  in  the  transfer. 

The  circuit  will  work  similarly  also  when  A  =  0  and  B  =  i,  only  here  the  high 

potential  will  arrive  at  output  C  from  bus  3f1 .  If  A  =  1  and  S  =  1,  then  both 

triggers  will  be  shifted  to  the  working  state,  bus  ID^  will  be  grounded  through 
bus  will  be  grounded  through  ji^Tg,  ana  bus  E-  will  appear  ungrounded, 
thanks  to  which  high  potential  from  it  arrives  at  output  A.  Thus  the  operation  f 

addition  i  +  1  =  0  in  the  sum  and  1  in  the  transfer  wiil  be  realized.  However,  in 

such  a  form  the  adder  permits  adding  only  one-digit  numbers;  therefore  it  is  called 

also  a  half-adder. 

For  addition  of  numbers  with  any 
quantity  of  digits,  it  is  necessary 
construct  a  circuit  which  consists  of  ; wo 
half-adders  and  and  a  delay  lin< 

JI3  delaying  pulses  passing  through  i  t  by 
.one ‘stroke  (Fig.  19).  both  half-adders  are  absolutely  identical,  and  each  of  them 
is  constructed  by  the  diagram  in  (Fig.  13),  i.e.,  it  has  two  inputs  for  lead-in  of 
components  A  and  f,  and  two  outputs  for  outlet  of  the  sum  and  the  transfer.  Aeti  n 
of  the  circuit  can  t.e  followed  Ly  example  of  adding  numbers  7  (in  binary  sy.-.t-  m 
0111)  and  !■’»  (in  binary  system  1110): 


Fig.  19.  Circuit  for  in-series  summa¬ 
tion  of  multi-digit  numbers. 
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Numbers  in  the  form  of  a  sequence  of  pulses  are  sent  to  corresponding  inputs  2^ 
consecutively,  digit  by  digit,  starting  with  the  Junior  digit..  Let  us  consider 
the  state  of  the  circuit  at  different  moments  of  tine.  -  •  :  > 

At  the  first  stroke  to  input  1  of  half-adder  Z„  proceeds  pulse  (1);  atits  * 
input,  2,  the  pulse  is  absent  (0).  Here  at  output  C  of  first  half-adder  We  obtain 
pulse  which  joins  input  1  of  half-adder  2g,  and  as  a  result,  the  second  haif-adder 
issues  a  pulse  at  output  C.  In  the  second  stroke  there  are  pulses  cm  both  inputs 
of  the  half-adder  2^,  and,  the  first  half -adder  issues  pulse  on  output  9.  This  pulse 
passes  through  delay  line  H3  and  arrives  at  input  of  half-adder  5^  only  in  the  third 
stroke .  Consequently,  in  the  second  stroke  at  both  inputs  of  the  second  half-adder 
the  pulses  are  absent  and  at  its  output  C  there  also  will  be  no  pulse.  In  the 
third  stroke,  to  both  inputs  of  half-adder,  which  arrives  at  input  of  half-adder 
2^  pulses  again  proceed,  issuing  a  pulse  at  output  II  of  first  half-adder  only  in 
the  fourth  stroke.  At  the  same  time,  due  to  a  pulse  at  the  second  input  of  half¬ 
adder  Z2,  proceeding  from  second  stroke,  at  the  output  C  of  this  half-adder  in  third 
stroke  pulse  is  obtained.  In  fourth  stroke  the  first  half -adder,  to  one  of  the 
inputs  of  which  a  pulse  is  sent,  issues  pulse  to  output  C.  This  pulse  arrives  at 
input  i  of  half-adder  2^,  but  from  the  third  stroke  through  delay  line  JI3  there  will 
also  arrive  a  pulse  at  its  input  2,  as  a  result  of  which  there  will  be  no  pulse  on 
output  C,  but  a  pulse  will  be  obtained  on  output  n.  This  pulse,  in  the  fifth  stroke, 
passing  through  delay  line  JI3,  will  appear  at  input  2  of  half-adder  and  will 
issue  a  pulse  at  Its  output  C. 

With  the  help  of  the  described  adder  on  triggers.  It  is  possible  to  perform 
by-digit  (in  series)  addition  of  numbers  with  any  quantity  of  digits,  where  the  time 
spent  on  addition  is  equal  to  quantity  of  digits  of  the  sum. 

Above  described  circuits  can  be,  of  course,  built  not  only  on  tube  triggers, 

« ut  also  on  more  economic  and  small-size  triggers  (transistors)  which  are  the  basic 
elements  in  circuits  of  contemporary  computer  technology. 

In  Fig.  20  diagram  is  shown  of  a  trigger  with  general  input,  built  on  two  junc¬ 
tion  transistors.  Trigger  transfer  to  a  new  state  occurs  upon  entry  at  the  general 
input  of  the  next  positive  pulse.  Here,  like  in  the  tube  trigger,  the  unlocking  of 
on<.  transistor  creates  (due  to  the  connections  between  their  circuits)  conditions 


for  locking  the  osier,  arai 
eoerersely. 
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Big.  20--  'trigger  c'imait  ae 

tnsslstOR. 


Big-  21.  IXigger 
daenltt.  with  di¬ 
rect  ectrsfctico. 


Tsig^s s  circuit  with 
direct  caceecdec*  (r  ig-  21)  is 
very  simple  asd  economic.  In 
tils  clrrait  there  are  only 
£*»  transistors  »»ra  two  resistors 
Principle  d  Its  wara:  consists 
off  tie  ffoilawlrg.  IT  one  of 


tie  transistors,  Tor  instance  IE*,  is  capes,  th»ei  •  -Itxg-e  ac  its  eeHectsr  is 
insufficient  far  opening  transistor  TE-.  mere  Tallage  on  tie  collector  of  transistor 


T0  is  great  and  sscfficiest  ere cgjb  to 


Btar  trigger  Inwerxlaa  it  is  necessary  to  lawaer  tie  voltage  at  lass  of  open 
transistor,  or,  «fe<ig*>»  is  tie  <c«rn.»  liMgg,  at  collector  of  tie  icc3 tei  transistor. 

Control  of  *rt>~**  trigger  nsjairss,  as  a  rale,  tie  application  of  additional  transistors 
t  jieh  2aaers  tie  taste  advantage,  tie  excepticasal  simplicity  of  tie  cirenlt. 

Triggers  with  direct  connections  on  Mg^fresgmasey  sarface  terrier  transistors 
nasxe  focssafi  application  in  certain  cssapaters  hoist  In  tie  United  States. 

Especially  great  high  speed  operation  distfsgrisies  tie  triggers  an  so-called 
tcsnel  diodes.  Switching  tine  of  a  triggs=r  sea  torsi  diodes  can  reach  salts  and 
even  fractions  *»f  a  Baarsocoead .  By  till s  tie  fact  is  determined  tint  in  a  nsder  of 
countries  long— term  developments  are  feeing  condor  ted  with  cjt-eroe  tic  machines  -f. 
tcnnel  dj  ******  sdsici  «ili  possesr  sseed  operation  era  tie  order  of  tens  of 

missions  of  arithmetical  operations  per  second. 


3.  Information  Storage  Devices 

Memory  units  still zed  for  storage  of  information  in  machines  are  character! 
i>  such  oasic  indices  as  capacity,  duration  and  reliability  of  information  tr-  .  -  ra¬ 
tion,  access  tine,  dinensions,  cost,  and  economy. 

In  machines  they  are  distinguished  two  basic  forms  of  "’memory:"’  operational, 
or  internal,  and  external.  First  is  directly  connected  with  arithmetic  rdt  and 
is  designed  for  storage  of  comparatively  limited  (fey  voicsej  information,  necessary 
for  the  closest  calculations.  In  contemporary  machines,  capacity  of  operational 
neasorv  Is  limited  (in  most  cases)  to  several  thousand  numbers,  altii^ri:  r  jnetiry  s 
it  reaches  tens  and  ever,  hundreds  of  thousands  of  numbers. 


Essie  requirement  presented  tto  eceraticcai  memory  devices  is  a  time  redoctiac 
35  tbs  5-ill  caErsrsiee  cycle,  i.e.,  tto  total  tin*  aaeessMy  Tor  lofonttlon 

readout  or!  recording.  ISs&s  time  Is  tunics  tees  af  sdLeroseeunis,  »ltibs^gi  la  the 
lest  -t?--*'---*  staples  It  is  lowered  to  frsozlsss  ©5  a  aisrosesoeaS. 

Sztemal  *0201235*  is  designed  for  prcboesed  storage  <35"  *  iirge  yamstlty  off 
Information,  sxggssurgd  by  frxr.drei  os  ctocsamis  aa3  mUMaes  cf  ranters.  External 
memory  units  are  often  called  storage  salts.  Ehey  are  cto  raoteri  red  by  eoEsMteraWy 
smaller  s seed  of  recording  as!  selection  frendoat}  of  Irfarneilac  ad  they  c  awclcate 
with  aritSaetic  salts,  as  a  rale,  thrmcgSi  opera tlccal  aeraty. 

irtarttornars,  daring  cto  last  few  years,  especially  is  specialise*  aneMnes, 
acre  as!  more  ^"iea  tto  so-esUad  constant  er  laeg-tenn  mesKary  casits  lare  been  osed; 
these  are  designed  Tor  storage  of  a  certain  casstast  ist'oraatias  —  constants  of 
programs,  coefficients,  titles,  and  re5-eres.ce  data.  Itose  devices  tame  capacity 
®5  from  thousands  to  teas  cf  tBsoaass&s  of  nantors,  as!  is  certain  special  cases, 
ml  Ilians  of  n  oncers,  arc  since  is  them  in  wtrSt  process  of  information  recanlirse  is 
sot  performad,  tot  saaiy  readout,  then  time  ©f  canrergisn  cycle  can  to  gtoctj-sns  of 
a  microsecond. 

let  as  consider  different  concrete  memsry  salts  363,  designed  for  information 
storage,  let  as  tore  memorise  that  sy  expressing  sacer  in  binary  system  in  the  forts 
©5  ones  and  zeroes,  we  can  record  ttose  erasers  by  applying  two-position  technical 
elements  and  considering  that  a  charged  capacitor,  magnetized  core,  attracted  relay, 
coemiacticg  tale,  and  so  forth  correspond  to  a  recording  of  one,  while  uncharged  (or 
charged  in  opposite  sign)  capacitor,  demagnetized  or  oppositely  magnetized  core, 
released  relay,  and  lsci.ec  tare  correspond  to  a  recording  of  zero. 

Het crcmechanical  and  electronic  relays.  In  tto  first  models  of  computers  as 
electrcaecbac £ ,ca  1  relays  were  widely  applied.  However,  such  30,  with  United 
capacitv  (on  she  orcsr  of  hundreds  of  igsers)  bare  rather  large  dimensions, 
consume  a  considerable  quantity  of  electric  power,  and  allow  relatively  small  speeds 
of  recording  and  readout,  since  for  re  la;*  operation  a  time  of  not  less  than  several 
airisemeis  is  required.  Besides  this,  the  presence  of  mechanical  contacts  sharply 


;f  such  an  3£*5.  Ccnsi  Jeratly  more  reliable  and  Irigh-speed 


can  :e  built  on  electronic  triggers,  contactless  elements  with  an  ope ration 


•me  ;2i'dr-’:  ty  fractions  of  a  microsecond.  However  these  Mb  on  triggers  also 


nave  reiati  large  ilmensiens,  continuously  consume  electrical  current,  and 


-hi- 


therefore  are  used  adj  as  1 sw-rapaclty  operational  383,  calculated  for  the  scons®? 
of  oos.  ar.  several  nrakers. 

5d>?  lines,  iaorj  cries  or  delay  Uses  are  cne  of  fores  ef  so— railed  dSaanie 
:»  story,  at  which  snfcer  races  la  tie  fora  of  s  series  of  poises  coctSsssscsiy 
cJbraa§te->a4oBC- the  closed  circuit  (Pig-  22).  Delay  line  is  an  electrical  system, 

along  sfclds  poises  spread  with  relatively  louc 
speed  T.  Let  os  assume  that  delay  lias  feats 
length  S,  then  procag?.tioet  time  of  the  poises 
along  it  dll  fee  t  «  E/Y.  Iff  were  to  send 
to  delay  line  poises  with  freqmascy  ff,  tfesn  the 
total  asotsst  of  poises,  which  can  siresltaaesosly 
shift  aloesg  delay  line,  dll  fee  a  *  ft.  halves 
3.,  and  Bj  play  tie  role  of  sdtefees, 
controlled  fey  electrical  means.  Code  poises  of 
raanaers  are  imtraisffied  at  the  insrat  and,  if  an 
valve  3,  anlocMrg  voltage  is  seat,  they  are  passed  fey  this  valve  to  delay  line, 
they  pass  aloes  It,  erperlanclng  certain  camping,  which  is  compensated  fey  amplifier 
J.  pass  throats  valve  B^,  normally  passing  poises,  and  again  enter  delay  line,  etc. 
STpsa  necessity  to  read  nsenfcer  circulating  slang  systems  to  the  inpot  readout  central 
voltage  is  sent,  which  unlocks  the  manaally  dosed  ~alae  3^  and  poises  branch  .jt 
to  system  output;  however,  their  circalatissi  along  the  system  eoatinoss.  For 
erasing  the  recording  voltage  is  sent  to  input  erasing,  where  5^.  in  Iccfeed, 
circulation  of  poises  is  ceased,  and  the  3S3  is  ready  to  re  ierd  now  information. 

In  the  first  electronic  esaapuisrs-  which  were  built  at  the  end  cf  the  forties, 
operational  ffii  on  uercary  delay  lines  were  widely  used;  these  were  tubes,  filled 
with  mercury,  on  ends  of  waich  piezoelectric  crystals,  for  instance  quartz,  were 
placed.  To  input  of  the  tube  pulse  nodulated  oscillations  jf  high-frequency  s'r-.' 
sent,  which  caused  mechanical  oscillations  of  quartz,  transmitted  to  then  by  arjreur.,. 
These  oscillations  spread  along  the  -mercury  with  a  speed  near  i,yX>  p/sec,  were 
transmitted  at  output  of  tube  to  the  quartz,  which  transformed  then  into  electrical 
oscillations,  again  proceeding  to  tube  input.  In  mercury  delay  line  with  length 
of  almost  a  meter  it  is  practically  possible  to  store  up  to  1,000  pulses,  besides 
mercury  delay  lines,  in  Jfd  there  can  be  used  magnetostrictive  lines,  in  whi-h 
oscillations  of  ferromagnetic  rod  during  its  oclarity  reversal  piezoelectric. 


Fig.  22.  Flack  diagram  of 
memory  unit,  on  delay  lime. 


eleetrsasagaetie  .state  from  instectagaees  ars5  {awnitaTfl^  cr  resistances  MU  and  _ 
eamscitasces,  waveguide  and  other  delay  Uses  are  used.  39J  on  delay  lines  are.  _  - 
character! red  by  great  wor£  reliability,  bat  their  deficiency  is  the  fact,  that 
information  read  oat  can  only  occur  at  the  time  of  passage  of  corresponding  signals 
cast  valve  5,,  which  delays  selection  of  information. 

Jf 

At  present,  JCi  of  similar  type  on  sagDatostrietive  delay  lines  are  applied  only 
as  stall.  machines. 

Sleetroc.-be«^i  ;-n.  For  information  storage  in  machines  produced  at  beginning  of 
the  fifties,  electron.— beam  tabes  were  widely  used  which  resembled  kinescopes.  There 
exist  several  types  of  senary  electron— beam  tabes;  however,  tbs  general  principle  of 
their  wort  can  be  described  is  the  foUoadsg  way. 

Information  recording  occurs  os  dieletric  screes,  at  any  piece  of  which  the 
team  .-as  be  directed  fcy  corresponding  selection  of  voltages  on  deflecting  plates. 

By  .charging  the  flow  rate  of  electrons  and  voltage  can  signal  plate  located  behind 
■the  dielectric  screen,  it  is  possible,  by  using  phenomenon  of  secondary  electron 
emission,  to  impart  to  any  point  of  the  screen  a  positive  or  negative  electrical 
charge.  3y  assigning,  let  us  assume,  to  a  positive  charge  the  value  1,  and  to  a 
negative  the  value  0,  it  is  possible  to  record  on  &  number  cede  on  the  screen. 

For  information  readout  it  is  repeatedly  necessary  to  direct  the  beam  to 
corresponding  points  of  the  screes,  which  ensures,  during  supply  of  corresponding 
cl  tags  to  the  signal  plate  reception  of  pulses  in  its  circuit.  Boring  readmit  there 
simultaneously  occurs  erasure  of  recording.  Therefore,  if  the  recording  must  be 
preserved,  then  readout  pulses  are  again  used  for  restoration  of  recording  on  the 
screen. 

The  same  method  is  also  used  for  prolonged  storage  of  information:  to  avoid 
its  erasure  due  to  gradual  runoff  of  charges,  in  the  circuit  periodic  erasure  and 
t.~c  recording  sf  information  are  ensured.  Usually  in  each  tube  only  one  digit  cf  the 
sum:  -:-r  Is  stored;  therefore,  for  a  recording  of  n-digit  numbers  the  HU  must  contain 
r.  tubes .  On  the  screen  of  each  tube  of  the  types  applied  it  is  possible  to  record 
1 ,-j2~  or  units  cf  information,  although  there  have  been  described  tubes  with 

-■apacity  of  ic ,000  and  more  binary  digits.  If  the  HU  consists,  let  us  say,  of  20 
tu :es,  then  in  it  simultaneously  there  car.  be  stored  1,024  or  2,048  twenty-digit 

r  •;«*  a  ~  # 


and  readout 


information  in  electron-bean  HU  occur  very  fast 


in 


units  ofUaiurisearseds,.  aeu  in  any  sequence.  ?his  econsgically  distinguishes  elec trom- 
■'beeg/'jE?  'Trap -.delay  lines,  i&era  it  is  necessary  to  await  tise  passage  assent  of 
negessary;  series  of  praises  past  readout  value.  Therefore,  for  several  years  the 
sseaipry  .as.  eXectaoes-teass  .tubes  was  the  basic  form  of  operational  memory  in  high  speed 
•universal  digital  co* paters.  However,  deficiencies  of  such  S3  are  their  relative 
cCTtersaaeacss :  and:  strident  requirements  for  stability  of  voltage  of  the  power 
supplies.  r3berefore,  at  present,  the  overwhelging  majority  of  machines  have  been 
constructed  with  cperaticoal  memory  on  magnetic  cores. 

XJ  on  magnetic  gores.  For  the  manufacture  of  S3  ce  magnetic  cores  magnetic 
materials  are  used  (ferrites)  with  rectangular  hysteresis  loop.  As  can  be  seen 
from  Fig.  23»  in  which  idealised  rectangualr  hysteresis  loop  of  magnetic  material  Is 

represented,  with  magnitude  of  field  strength 
_  %m  induction  in  the  magnetic  material  reaches  a 

cr1-  ■  ■  *  a 

I  a  J  f  t-  magaituae  of  -53^  and,  it  meat  we  will  decrease  the 

Jim,  ■  I  S  field  strength  to  zero  or  even  create  a  field 

—*-/-•  "I  \  *'  strength  of  opposite  direction  of  about  -55^/2  ansi 

S  f  l  I  more,  induction  will  preserve  its  value  -e-3^.  frsly 

ay  *  a  J  during  approximation  of  magnitude  of  field  strength 

to  occurs  a  reversal  of  polarity  of  the  material. 

Fig.  ?5-  Idealized  hysteresis  ifflduccicn  reaches  '5n'  3:  5  for  3 

*  *  *  polarity  reversal  it  is  necessary  to  create  field 


strength  of  +Hn.  Thus,  material  with  rectangular  hysteresis  loop  is  characterized 
by  the  presence  of  two  stable  states  (3  =  -f 5^  and  3  =  -3_),  where  transferring  the 
material  from  one  stable  state  to  another  can  be  dorse  by  creating  field  strength 
-fH  or  -H  . 

25  23 

r roc  such  ferromagnetic  material  annular  cores  are  prepared  which  ensure 
storage  of  information  in  the  form  of  binary  digits  (0  or  1),  corresponding  to  this 
or  that  polarity  of  the  magnetic  state  of  cores.  On  each  core  there  are  three 
windings:  two  for  recording  and  one  for  readout  of  information.  Cores  arn  dispose*: 
in  the  form  of  a  system  consisting  ox'  regular  horizontal  and  /-rtl.ai  rows  (Fir. 
where  every  horizontal  row  serves  for  recording  of  all  digits  of  o :»*»  number,  and 
every  vertical  row  serves  for  recording  of  one  of  the  digits  of  r. usu^-rs.  Thus, 
the  quantity  of  horizontal  rows  determines  the  amount  of  nuro's  *  rs  which  can  :  ■  otor-- : 
in  the  l-">.  and  quantity  of  vertical  rows  determines  maximum  quantity  of  digits  in 


eacii  numt  er. 
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windings  sre  Joined  among  tinssiTes,  as  is 
shown  is  rig.  2~,  by  rows,  ard  all  readout 
Klfliiass  compose  as  in-series  tdissit.  Ibgnitade 
of  current  proceeding  to  inpots  1^,  1^,  ..., 
and  Yj,  ....  is  equal  to  yS>,  afeere 

I„  is  the  current  conducted  necessary  for  the 

<*£ 

creation  of  field  strength  H  .  Hess,  passage  of 
current  ady  along  ace  of  the  core  riidings  canoat 
cbsrge  its  magnetic  state.  If,  however,  we  pass 
currents  along  both  windings  in  such  a  manner 
that  field  strengths  created  by  then  are  added, 
this  will  ensure  full  polarity  reversal  cf  the  core.  let  us  accept  as  the  Initial 
state  negative  magnetization  of  all  cores,  for  the  creation  of  which  it  is  necessary 
to  send  negative  voltage  to  inputs  of  all  vertical  and  horizontal  rows. 

let  us  assume  that  in  second  horizontal  row  we  want  to  record  the  r?«-»h«»r  1Q3L. 

Let  us  send  positive  voltage  for  this  to  the  input  and  to  inputs  —  positive 
(I).  —  negative  (0)  and  Xj  —  positive  (i)  voltage.  Ihen  in  cores  At  and  6 

positive  intensity  will  he  created,  sufficient  for  their  polarity  reversal  to  a 
stale  of  positive  magnetization.  Core  5  regains  in  state  of  negative  magnetization, 
in  such  a  fora  the  information  can  be  saved  for  an  unlimited  time  without  any 
-zpemditure  cf  energy.  If  we  are  now  required  to  read  the  recorded  lumber,  then  to 
corresponding  horizontal  input  (in  our  case  to  input  Y^)  negative  voltage  is  sent  and 
to  ail  vertical  inputs  Kt,  >Lj,  ...»  Xft  negative  voltage  pulses  are  sent  consecutively 
one  after  another.  Daring  supply  of  pulse  to  input  X.  there  will  occur  magnetic 
reversal  of  core  4,  as  a  consequence  of  which  in  the  readout  winding  electromotive 
force  is  induced  which  will  create  a  pulse  at  readout  output.  Supplying  a  pulse  to 
input  >X,  will  not  cause  polarity  reversal  of  core  5»  since  it  was  negatively 
magnetized,  and  at  the  output  we  will  not  obtain  a  pulse;  finally,  during  supply  of 
a  pulse  to  input  X-  core  6  will  be  reversed  and  at  the  output  we  will  obtain  a  pulse, 
cor  reduction  or  cost  of  the  device  and  simplification  of  its  manufacture,  the 
sinkings  on  c^res  can  to  simply  replaced  by  conductors,  threaded  through  the  annular 
cores,  as  is  shown  in  Fig.  2Z-. 

:•  .waver,  t*  *  considered  MU  circuit  possesses  essential  deficiencies  which 

•*.c  fact  that  first,  here  hy-digit  readout,  takes  place,  and,  consequently. 


?!g.  2$.  2£ egran  of  a  memory 

unit  oca  annular  magnetic  cores. 


consist 


readout  of  a  multi-digit  number  requires 

considerable  tire  and,  secondly,  vith  such 

a  circuit  it  is  practically  impossible  to 

construct  Ml  of  great  capacity. 

Therefore  in  an  5dJ  vith  coincidence 

of  currents  of  great  capacitance  for  each 

digit  of  all  nesibers  a  separate  flat 

atatrix  Is  used,  in  vhlch  quantity  of  ceres 

is  contained  vhich  is  equal  to  capacity 

of  5®  in  metiers.  Consequently,  an  JSJ 

designed  to  store  IS  numbers  vith  n  digits 

_  .  a  niece  should  contain  »  matrices  vith  IJ 

?lg.  25.  SKeoory  unit  on  annular  cores  *  . 

vith  threaded  conductors  instead  of  cares  ^  -sfesse  matrices  are 

windings. 

collected  in  a  general  unit.  Schematic 

view  of  a  similar  unit,  or,  as  It  is  often  called,  a  "memory  cube"  vith  capacity 
of  3,096  Ai O-digit  metiers  is  represented  in  Fig.  26.  Unit  includes  40  matrices,  in 

each  of  vhich  there  are  63  x  63  =  3,096 
ferrite  cores. 

In  Pig.  27  diagram  is  shown  of 
Internal  matrix  connections,  where  for 
simplification  a  matrix  vith  16  cores  in 
all  Is  shovn.  For  selection  of  the 
assigned  numerical  cell  there  are  eight 
selecting  buses:  X.,  X^,  X^,  Xj.,  and 
Y±,  Y^,  Yj,  and  Y,..  Bus  X^  pierces  all 
cores  of  the  first  horizontal  ro w  of  the 
matrix,  goes  to  the  second  matrix, 

iwres 

pierces  all  cores  of  its  first  horizontal 

tig.  26.  Schematic  view  of  memory  rny  r,r  fhc  EStrlX,  rnoc  try  t ho  SCCOIid 

unit  block  with  coincidence  of  currents. 

matrix,  pierces  all  cores  of  its  first 

horizontal  matrix  row,  goes  to  the  second  matrix,  pierces  all  cores  of  its  first 
horizontal  row,  and  further,  passing  in  the  same  manner  through  all  matrices,  i.- 
grounded.  In  the  same  manner  are  all  remaining  horizontal  t  uses  X  an:  vertical  s  o.;* 
V  asseml  led . 


Consequently,  when  sending  current 


s  T  i*.l  m.  z+r  ssitrl* 


pulses  coinciding  by  direction  and  in 

tine  pulses  with  amplitude  of  1^/2  by 

any  pair,  including  one  vertical  and 

cue  horizontal  bus,  magnetic  reversal 

is  insured  to  this  or  that  state  of 

all  cores  in  all  matrices  located  in  the 

sane  place.  Thus,  if  one  were  to  send 

positive  pulses  with  amplitude  1^2  to 

inputs  and  Y4,  then  in  all  matrices 

cores  12  would  be  reversed,  i.e.,  in 

all  digits  of  numerical  cell  !lo.  12 

there  would  be  recorded  code  i. 

Besides  the  selecting  buses,  in 

each  matrix  there  are  two  sore  windings  — 

rig.  27.  Diagram  of  memory  unit  matrix  recording  and  readout,  which  are 

with  coincidence  of  currents. 

separate  for  each  matrix.  During 

recording  of  1  in  a  given  digit,  to  the  input  of  recording  winding  no  current  is 
sent,  arid  under  the  influence  of  currents  of  the  selecting  buses,  one  is  recorded 
ir.  given  matrix.  If,  however,  in  a  given  matrix  in  the  chosen  core  zero  must  be 
recorded,  then  in  recording  winding  negative  pulse  is  sent  with  amplitude  of  1^/2, 
which  compensates  half  of  the  field  strength  created  by  positive  pulses  in  selecting 
■  uses.  Therefore,  the  chosen  core  remains  in  the. initial,  i.e.,  zero,  state. 

Readout  is  carried  out  by  means  of  sending  to  the  corresponding  selecting  buses 
negative  pulses  with  amplitude  of  1^/2,  where  the  chosen  cores  in  all  digit  matrices 
are  reversed  to  the  zero  state  and  those  of  them  in  wnich  one  was  recorded  induce  in 
readout  winding  readout  pulses  of  one.  Thus  are  ensured  simultaneous  (paralles) 
r-.-sor:ing  and  readout  of  all  digits  of  multi-digit  binary  numbers. 

Along  with  the  described  diagram  of  an  MU  with  coincidence  of  currents,  there 
•ave  teen  developed  a  number  of  other  diagrams  which  ensure  higher  speed  and 
relia: ility  of  work  (MU  with  direct  selection,  with  recording  and  readout  by  full 

-It  -  • »  -  O  j  tti.O  v  viiv'l  y  « 

Thanks  to  great  speed  of  work,  reliability,  relatively  small  dimensions,  and 
or. omy,  the  •.«:  or.  magnetic  cores  are  now  the  most  wide-spread  typ°  of  operational 
'■l  in  c/tern-  tic  technology.  Further  ways  of  improving  operational  .MU  on 
.  'rromagnetic  "“laments  consist  of  using  elements  of  complicated  configurations  (so- 
•ail  :  ■  ransil  uxor?)  ulti-apertured  ferrite  plates,  replacing  mas  rices  with  large 

it.,  f  cores  an.:,  finally,  thin  magnetic  films. 


The  latter  are  layers  of  pert-alloy  with  thickness  cn  the  order  of  hundreds  or 


thousands  of  angstrce,  obtained  by  means  of  precipitating  the  vapors  of  metal  in 
a  vacuus  by  electrolytic  means.  Thanks  to  very  snail  thickness,  and  consequently 
the  snail  voluaes  of  magnetically  reversed  material,  memory  elements  on  thin 
magnetic  films  can  be  magnetically  reversed  in  frees  units  to  tens  of  nanoseconds, 
which  facilitates  constructing  on  their  basis  a  so-called  super-operational  MU  with 
a  time  of  full  conversion  cycle  cn  the  order  of  tenth  and  even  hundredths  of 
fractions  of  a  microsecond. 

Magnetic  tapes,  drums  and  disks.  For  storage  of  a  large  quantity  of  numbers 
in  external  MU,  in  machines  magnetic  recording  of  electrical  pulses  is  widely  used 
by  the  same  principle  as  sound  recording  in  a  tape  recorder  (Fig.  28).  During 
movement  of  the  tape  on  it,  under  the  influence  of  magnetic  field  created  by  the 
recording  head,  magnetized  sections  called  dipoles  are  created.  On  a  centimeter  of 
tape  length  it  is  possible  to  record,  depending  upon  recording  method,  head 
construction,  magnetic  characteristics  and  speed  of  movement  of  tape,  tens  anc  even 
hundreds  of  dipoles  with  a  width  of  recording  channels  from  1  to  3  ms.  In  general, 
on  one  roll  of  tape  It  is  possible  to  record  several  tens  or  hundreds  of  thousands 
of  multi-digit  numbers.  For  readout  the  same  head  can  be  used  as  was  used  for 
recording:  during  passage  past  the  head  of  dipcies  recorded  on  tape,  readout  puls- 

are  induced  In  its  winding. 

A  deficiency  of  MU  on 
magnetic  tape  is  the  relatively 
prolonged  waiting  period  during 
selection  of  the  needed  number, 
which  is  due  to  the  necessity  of 
rewindinr  the  tape.  This 
deficiency  is  eliminated  during 
information  storage  on  magnetic 
arums  (Fig.  29)-  The  drum  is  made  of  aluminum,  on  surface  of  which  a  ferromagnetic 
sht-el  with  thickness  of  0.01-0.03  mm  is  applied.  Recording  and  readout  heads  are 
located  ir.  a  row  along  g— nsrstrix  of  the  drum.  During  work  the  drum  rotates 
continuously  with  speed  on  the  order  of  thousands  or  tens  of  thousands  of  turns 
per  minute.  On  one  drum  it  is  possible  to  store  several  thousand  or  thens  of 
ihousanus  of  numbers.  Since  by  means  of  proper  head  selection  any  place  of  the 
drum  is  access!! le  in  one  turn,  then  recording  and  readout  time  is  near  units  or 
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•ig.  28.  Diagram  of  Fig.  29.  Memory  unit 

r.e.mory  unit  of  magnetic  on  magnetic  drum. 


anc . 


of  nill i seconds,  I.e.,  considerably  less  than  with  recording  on  tape.  However, 
dimensions  cf  K:J  on  a  a  run  are  considerably  larger,  since-  its  internal  cavity  is 
not  used  at  all. 

For  one  of  the  computer  models  (the  United  States)  there  has  been  developed  a 
HU  on  50  magnetic  disks,  planted  on  vertical  axis,  continuously  rotating  at  a  speed 
of  1,200  rpm  (Fig.  JO).  Distance  between  disks  is  about  8  sa,  which  peraits  bringing 

the  head  to  any  of  100  concentric  channels,  located  on  each 
of  the  two  sides  of  the  disk.  The  total  capacity  of  such  a 
device  reaches  several  hundreds  of  thousands  of  numbers,  the 
recording  and  selection  of  which  can  be  produced  in  any  sequence 
in  a  time  necessary  for  bringing  the  head  to  desired  channel, 
i.e.,  on  the  order  of  fractions  of  a  second. 

The  described  methods  of  magnetic  information  recording 
possess  these  essential  merits:  great  capacity,  device  simplicity, 
high  reliability,  possibility  of  information  readout  without 
its  erasure,  possibility  of  as  long  a  storage  as  desired  of  information  without  its 
regeneration  and  with  disconnected  feed  sources.  Deficiencies  of  magnetic  recording 
include  the  presence  of  mechanical  movements  and  consequently  the  wear-out  of  parts, 
the  necessity  of  accurate  observance  of  rotation  speeds  ana  accuracy  in  the 
magnitude  of  magnetic  gaps,  as  well  as  relatively  long  recording  time  and  readout 
time.  Nevertheless,  magnetic  recording  .is  at  present  the  basic  form  of  external 
memory  of  machines. 


rig.  JO.  Memory 
unit  on  magnetic 
disks. 


9.  Arithmetic  Units 

Arithmetic  units  of  electronic  digital  computers  are  designed  to  execute 
addition  of  the  numbers  expressed  in  binary  system  of  addition.  In  §  7  adder  was 
described  which  was  built  on  triggers.  In  contemporary  machines  also  used  are 
various  arithmetic  units  built  on  so-called  logical  circuits.  Let  us  consider 
three  of  the  simplest  logical  circuits:  inverter,  coincidence,  and  collecting,  by 
using  which  it  is  possible  to  construct  arithmetic  units. 

In  inverter  circuit  (Fig.  31)  great  negative  potential  Ec  is  sent  to  the  grid 
of  the  trioae  locking  the  tube.  Plate  current  i  is  equal  to  zero;  voltage  cn 
resistor  does  not  drop  and  at  the  output  high  voltage  E  is  obtained.  During 
supply  of  positive  pot-.ntial  to  input  the  tube  is  unlocked,  and  since  resistor  R 
is  much  larger  than  resistance  of  the  tube  to  direct  current,  voltage  at  the  output 
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Pig.  31.  Inverter 
circuit. 
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becomes  minute  due  co  the  voltage  drop  on  resistor 
H.  Thus,  in  the  absence  of  a  signal  at  the  input 
there  Is  a  signal  at  the  output,  and  conversely. 

In  block  diagrams  the  inverter  will  be  designated 
by  rectangle  with  inscription  [HO]  (KE). 

Coincidence  circuit  (Fig.  52)  is  a  nultipole 
with  any  quantity  of  inputs  and  one  output.  If  to 
all  inputs  we  send  a  positive  signal,  then  all 
valves  will  be  locked,  current  through  resistor  R 
will  not  pass,  there  will  be  no  voltage  drop  created 
on  It,  and  at  output  voltages  E„  will  take  Diace. 

If  on  at  least  one  of  the  inputs  positive  signal 
is  absent,  then  through  corresponding  valve  and 
resistor  current  will  pass,  due  to  which  voltage 


Pig.  32.  Coincidence  circuit  at  output  will  become  minute.  Thus,  signal  at 

output  cf  coincidence  circuit  takes  place  only  when 
there  are  signals  at  the  first,  second,  and  at  any  input.  In  block  diagrams  we  will 
designate  this  circuit  by  a  rectangle  with  the  inscription  [AND]  ($). 

Collecting  circuit  (Fig.  33)  gives  positive  signal  at  the  output,  when  there 
is  a  positive  signal  on  at  least  one  of  the  inputs.  In  other  words,  signal  at  output 
is  obtained  when  there  Is  a  signal  at  first,  second,  or  at  any  of  the  Inputs,  or 
at  several  inputs  simultaneously  in  any  combination.  In  block  diagrams  such  a 
circuit  is  designated  by  rectangle  with  inscription  [OR]  (tfJ]H). 


Fig.  33.  Collecting 
circuit. 


We  have  considered  one  by  one  the  variants  of  logical 
diagrams  HO,  AND,  and  OR.  Any  of  these  three  logical 
functions  can  be  realized  with  the  help  of  a  large 
quantity  of  variants  of  different  circuits,  gathered  or: 
vacuum  and  semiconductor  diodes  and  transistors,  as  woli 
as  on  other  elements.  In  particular,  in  tne  last  few 
years  there  have  been  developed  logical  circuits  on 


•'•.rromagnctic  cores  which  permit  constructing  a  computer  containing  ai  solutely  i.>> 
clecTonic  devices.  Considering  the  unlimited  period  of  service  of  ferromagnetic 
•or*'c,  the  possibility  of  their  exploitation  during  considerable  oscillations  of 
temperature,  their  mechanical  strength,  small  dimensions,  and  other  advantages,  one 


shoul !  note  that  the  creation  of  tutless  machines  on  ferrite  cores  is  very  promising. 


In  rig.  yi  diagram  is  given  of 
mono-digit  adder  of  in-series  action  on 
logical  elements .  Components  in  the  fora 
of  electrical  pulses  are  introduced  to 
inputs  A  and  B  of  the  adder,  having  two 
outputs:  C  is  sun  arid  II  is  transfer  to 
following  digit.  3y  remembering  functions 
of  logical  diagrams  HO,  AND,  and  OR,  It  is 
simple  to  trace  the  work  order  of  the  adder,  recorded  in  the  fora  of  a  table  in 
Fig.  y-i. 

For  in-series  addition  of  multi-digit  numbers  It  is  possible  to  use  the 
diagram  in  Fig.  19,  which  we  already  considered  earlier  during  the  use  of  an  adder 
on  triggers.  In  this  case  diagram  remains  absolutely  constant,  only  instead  of 
an  adder  on  triggers  we  can  use  in  it  adders  on  logical  elements.  In-series 
addition  of  multidigit  numbers  occurs  in  as  many  strokes  as  there  are  digits  In  the 
components . 

To  increase  work  speed  of  computers  It  is  possible  to  use  more  complicated 
circuits  of  adders,  which  ensure  simultaneous  addition  of  all  digits  of  components. 
Here  addition  of  multidigit  numbers  takes  place  in  one  work  stroke  of  the  machine. 
However,  quantity  of  elements  in  adders  and  quantity  of  connecting  wires  with  memory 
units  here  are  considerably  Increased,  since  in  the  arithmetic  unit  there  should 
simultaneously  be  introduced  all  digits  of  components. 

Simple  diagram  of  such  a  parallel  action  adder  is  represented  In  Fig.  35.  For 
parallel  addition  of  two  n-digit  numbers  the  adder  must  contain  n  mono-digits  adders 
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Fig.  34.  Diagram  and  logical  table  of 
mono-digit  adder  (half -adder)  on 
logical  elements. 
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Zn.  To  both  primary  Inputs  A^  and  of  each  mono-digit  adder 


Fig.  35.  Multi-digit  adder  of 
parallel  action. 


corresponding  digits  of  components  A  and  B 
are  sent.  Every  unit  7^  has  two  outputs  of  sum 
and  of  transfer  11^;  the  latter  Is  connected 
with  third  additional  input  of  mono-uigil 
adder  7..,..  Thus,  in  the  end  each  inono-d i M t 

!*r! 

adder  must  contain  three  inputs.  A,  B,  and 
II,  and  two  outputs  C  and  FI ’  wher'  H*  is  outrut 


of  transfer  to  following  digit. 


’iagram  ana  lorical  taf  le  of  such  a  mono-digit  Mr.ary  adder  on  three  inputs. 


\  -•  reel-  on  loMeal  Mements.  are  shown  in  Fie.  36. 
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Hi;.  56.  maim  and  logical  table  of 
mono-digit  bleary  adder  an  three  inputs. 


’ ',.  Caapllng  of  the  yMy  with  the  external  aedios  is  carried  oat  through  special 
_. devises  for  data  input  and  output,  through  input  sad  output  devices.  It  is  necessary 
to  Introduce  initial  data  lor  calculations  into  aachlne;  l.e.,  the  amber  and  prograe 
of  work,  s  description  c?  the  actions  which  aachlne  sast  perform  on  the  initial  data. 

As  will  be  shown  in  the  following  paragraph,  the  work  program  is  encoded  by  a  systems 
of  n ambers. 

thus,  all  that  is  subjected  to  lead-in  into  nachine  is  a  series  of  numbers  In 
a  defined  order.  For  this  purpose  a  device  with  a  keybord  is  used,  similar  to 
keyboard  of  a  typewriter.  However,  during  a  blow  on  the  key,  figure  is  not  printed 
on  paper,  but  a  hole  is  pierced  on  special  paper  cards,  tape  or  fils.  Cards  perforated 
thus,  or  tape  or  fils,  are  unique  memory  units  which  store  information,  introduced 
into  the  aachlne.  For  information  readout  there  can  be  applied  either  ssechanical 
settled  of  probing  the  cards  or  tape  with  special  brushes,  closing  an  electrical 
circuit  in  presence  of  holes,  or  the  improved  photoelectric  sethod. 

"iith  photoelectric  readout  (Fig.  57)  beam  of  light  free  the  source,  conce-irai'-- 
by  optical  lens,  passes  through  holes  (perforations)  ir.  the  tape  and  acts  on  a 
photocell,  which  transforms  tne  package  of  light  Into  electrical  pulses,  amplified 
by  an  amplifier  and  then  proceeding  to  memory  unit  of  machine. 

Data  outlet  froc  machine  can  also  be  carried  out  with  the  help  of  punched  tap-- , 
eleciroeaechasical  or  photeprinting  device.  Printing  the  results  of  calculations 
takes  place  in  the  conventional  decimal  system,  for  which  in  the  output  device  ti.er 
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are  special  Osiers,  *Itfc  the  help  afclcb  canrinia 
-f  -sabers  frac  bleary  fe;jal  s-s^toe  occars. 

Sere  Irfcraatlae  Is  gives  U«wt  lwt  and  output 
devices  ef  the  acftbes,  seising;  certain,  oladitlag 


frctlos,  eoBiiticns  oC  iddf  are 


to  atdUne 


i,  and  renlti  or.  solatlon  ue  its  tan 


imr-Hr*  Is  naoiai  ffta. 


S3g.  3?-  .Fbotoelecsrlc 
method;  cf  Irforsatlaie  sead- 
<sxst  during’  data  Input  istc* 
aaachlh«-'  21  —  punched  tape; 
5*  —  sacar a*  or  light:  0>  — 
osBtisjai  Sea*;  <5*  —  pkstoosll; 
/  —  amplifier. 


nan.  Swerer,  vtes  cjtenetlc  arrfdfa*  solves  pretlou 
ceosactesS  yith.asteaa.tie  control  or  adjustneot  (see 
clock  aisgrca  in  Fig.  8),  to  Its  input  east  frequently 
data  proceed  ins  without  lit  the  font  of  continuous 
signals,  and  the  aachine  should  further  ensure  certain, 
continuous  actions  on  the  controlled  object. 


ia  Shis  ease,,  data  Input  into  aachine  does  not  require  use  cf  Intermediate 
p’irchers,  bat  takes  place  by  Keans  of  automatic  conversion;  of  the  continuous  infonsa-- 
tian  Into  discrete  (digital)  fora.  In  turn,  during  outlet  of  discrete  inf creation 
•  roe?  Machine,  it  Is  necessary,  as  a  rule,  to  convert  it  into  continuous  term.  fhcot* 
fuaetions  are  executed  by  special  information  converter*,  executing  the  role  of 
connecting  links  between  real  objects  of  systems  of  automatic  control  and  digital 
computers. 

II.  Information  Converters 

Information  converters  can  be  divided  into  two  basic  groups:  converters  of 
continuous  (analog)  fora  of  information  into  digital,  which  we  subsequently  will  call 
analog-figure  converters,  and  converters  froe  digital  fora  into  analog,  which  we 
will  call  figure-analog  converters. 

Assignment  of  converters  of  the  first  group  (analog-figure)  is  to  obtain  numbers 
as  defined  rarents,  which  correspond  to  aosentary  values  of  Magnitude  proceeding  to 
input  of  converter,  continuously  changing  in  tine.  Here,  by  step  of  quantitation  of 
t:.e  continuous  ragnitude  by  level  accuracy  of  conversion  is  determined,  and  by  step 
s-f  quantisation  iy  tire,  the  tempo  of  inforaatlon  lead-in  in  digital  cccputer. 

2igIta.l-to-ar.alsg  converters  are  designed  for  the  production  of  analog  magnitude:: 
prop  trsicr.al  (taking  into  account  assigned  scale)  to  numbers,  proceeding  to  itnut  of 
cmv-'-rter  from  the  digital  consul er.  Here  the  analog  values  are  issued  in  discrete 


of  tire,  and,  consequently,  output  Magnitude  has  the  fora  of  certain  step 
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function  klib  step.  by  level. 

fc*ljg-t>diviul  ;x7trteK  are  most  frequently  used  In  pra:ii^e  fir  csnvermisc. 
lit-  -llgltal  'a*  of  tart  analog  quantities  u  tagaltr  shifts,  voltage,  nos  rise 


iitemls.  let  as  consider  examples  of  taadolmllntigc  of  sixilar  cxrerters. 

As  the  simplest  cocrerter  of  ingalftr  shirt  Into  code  (shaft-digit )  at  1st 

rotation  speeds,  it  is  possible  to  use  a  system  with;  a  so-called  pulse  ifceei, 

schematically  represented-  is  Fig.  33.  Sfc  the  shaft,  angular  shifts  of  which,  must  he 

recorded  in  dtg^tat  font,  there  is  placed  a  cogwheel,  is  the  notches  of  which  there 

esters  the  end  of  a  lever,  held  by  springs  In  the  neutral  position. 

f  -  -  -  To  lever  voltage  Is  luroagpt  in  froos  power  supply  E,  and  an 

J*fV  :  the  other  end  of  the  lever  there  are  contacts,,  which  can  lock 

y  y  with  notionless/contact  during  clockwise  rotation  of  pulse  wheel 

J*  or  with  contact  b  during  counterclockwise  rotation  of  wheel.  Here 

|L  pulses  are  sent  to  in  bidirectional  pulse  counter  [ESI]  (PCK), 

W  |  which  upon  entry  of  pulses  from  input  A  works  on  addition,  and 

*  upon  entry  of  pulses  fron  input  5  works  cr.  substruction.  ifuis, 

Fig*  y*-  Shaft-  on  the  jacter  there  is  fixed  (in.  digLtai  rom)  resultant  shaft 
dieit  converter 

with  pulse  wheel.  turn  in  a  certain  direction  free*  the  assigned  initial  position. 

At  high  rotation  speeds  the  geared  disk  should  be  replaced  by  a  collector  with 
brushes,  and  at  very  great  speed  one  should  perform  optical  yield  with  the  help  of 
rotating  opaque  disk  with  cuts.  This  disk  is  illuminated  by  a  teas  of  light,  going 
through  the  cuts  onto  a  photocell,  which  issues  pulses  to  recording  device. 

in  improved  converters  of  similar  type  disks  are  applied  of  optical  glass  with 
several  channels,,  on  which  the  code  is  applied  in  the  fora  of  combinations  of 
transparent. and  opaque  sections.  This  ensures  removal  of  quantities  coded  in  a  certain 
desired  code  without  pulse  counting  by  the  current  position  of  code  elements  on 
eiianr.els  opposite  readout  line.  Thus  can  we  obtain  not  only  the  usual  binary  cede, 
lui  also  special  codes,  ensuring  increased  noise  immunity  of  the  system. 

As  an  example  of  a  converter  of  time  interval  into  cede  we  will  consider  diagram 
depicted  in  Fig.  39.  Converters  of  similar  type  find  especially  wide  application 
ir.  radar  and  navigational  systems*. 

Stabilized  pulse  generator  ;'FS]  (F«5)  produces  sequence  of  pulses,  where  the 
period  of  their  following  determines  a  selected  reading  unit  of  time.  These  pulses 
enter  pulse  counter  [PD]  ( C7.)  through  K,  state  of  which  ("open"  or  "locked*)  is 
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is  ii^isioed  iy  sate  or  trigger  r,  controlled  ty 
jdrss  of  tegSid!^  mad  end  of  eansrtel  time 


lateral.  Accnncy  «f 


x  J.  fc*  -»>ax«r 


Fig.  J5.  Flock  diagram  of  a 
catTertar  of  a  time  Icteml 
Into  code. 


converter 


the  frequency  and  stability  of  wort  of  Use  PC. 

Turing  conversion  of  voltage  Into  cade,  wide 
propagation  las  peen  obtained  by  netbod  of  so-called 
tine  encoding.  By  ibis  netbod  Use  conversion  is 
carried  cot  In  two  stages.  la  tbe  first  stage 
conversion  occurs  of  Input  voltage  Into  a  tla 
interval  proportional  to  it,  while  In  second!  stage, 
conversion  of  tine  Interval  Into  code  takes  place. 


Block  diagram  of  one  of  the  -variants  of  voltage  converters  Into  code  with  tins 
cacversloB  Is  shows.  In  rig.  4S>.  Upper  part  of  diagram  Including  pulse  generator 

PC,  key  K,  pulse  counter  PC  and  trigger  I,  Is  a 
repetition  of  tbe  above  considered  ilagrax  Ir. 

Fig.  59. 

Pulses  frees  the  PC  also  proceed  to  f  requ*:  r.  v 
dlvlder  fFE)  (jjy),  whose  coefficient  of  ivisl:r. 
Is  determined  by  assigned  step  of  quantization 
by  tine.  Pulse  frea  FE  is  used,  first,  tr  star: 

.  ***AIAAIIAAIjAAAAA^  ■-  the  generator  of  sawtooth  voltage  [CSV]  (FfiH* 

-■  — i - J - 1-  A.  and,  second,  to  control  trigger  T,  which  in  turn 

•?  -iW  **  ?  **  k  *i _ L  Is  determined  by  the  state  of  K. 

I  |  j 

_ A  mil  A _ i—L.  Thus  |  tiae  t,  of  ths  3pDs&r3U2^  of  s 

:  •  i  -1 

I  |  I 

j  # j>t  J  fr;2  the  FL  key  K  Is  opened  and  cegins  quantity 

_ I  \  J  count  of  pulses  in  the  PC.  At  the  sane  nccer.“ 

mr  ■:  *tM\pSr  \  I  {  f 

pt  tg  j'ij  build-up  of  sawtooth  voltage  starts,  ssr.t  to 

circuit  of  coeparison  CC,  to  other  input  of  which 


rig.  •*!-.  rise-:  iiagran  of  a 
;:r.verter  of  voltage  into  cede. 


converted  voltage  U  procee; 


At  accent  when 
2 


reaches  magnitude  U,  cospariscn  cimit  C" 


Issues  a  pulse  overturning  trigger  T,  which  leads  to  cutoff  of  key  K  ani  cessation  c! 
•  ?  supply  of  pulses  frees  the  P3  to  the  PC.  Kunter  of  pulses  fixed  by  F2  obviously. 


will  Be  pror oroional  to  tine  interval  t0  -  t,  and,  correspor. singly,  to  voltage 


1i»  isdiatiat  sf  the  K  is  copied  is  correspcaaxirf  register  *r  aasrj  zit, 
after  which  the  counter  drops  to  zero  state,  sari  ucfer  the  ianaasce  if  Jolicaisg: 
p-jtlz •-  from  the  FD.at  aaent  t^  begins  the  following  conversion  cycle,  iitanllj, 
the  period  ct  sawtooth  oscillations  T  aut  be  selected  In  accardeace  with  assigned 

lyail ration  step  of  tine  i  in  such  a  tenner  that  condition  J  *  T__  was  satisfied. 

U  a  xy 

Devices  for  conversion  at  voltage  into  cooie  are  used  also  for  encoding  host 
speech  daring  telephone  transmission  along  c’lniml  cation  channels,  sound  recording; 
and  so  forth.  Here  the  osc illations  perceived  by  the  SEocrcpfeoce  are  sect  to  ar. 
analyzer,  ldxlch  presents  then  In  the  font  of  elementary  sound  combinations.  Then 
voltages  corresponding  to  these  coabiinitians  will  be  converted  into  codes,  which 
are  tranaoitted  along  the  cflaaanicatlan  channel.  At  the  receiving  end  torekse 
trassfohatloB  of  codes  Into  voltages  takes  place,  frcas  Sbich  in  sjEthesizicr  device 
the  speech  report  is  recreated.  Use  of  such  systems  permits  by  several  tecs  of 
times  compressing  the  necessary  frequency  band  for  transmission  of  telephone 
.-or.r creation  and,  consequently.  Increasing  considerably  the  carrying  capacity  of 
jcssar.l cation  channels. 

Be  most  wide-spread  type  of  d igixal- to-an&log  converters  are  converters  of 
code  into  corresponding  current  or  voltage,  where  the  obtained  electrical  nagni  fades 
on*.  in  turn  be  worked  In  the  for*  of  angular  shift,  speed  of  rotation,  and  so  forth. 

As  ah  example  of  converter  of  code  into  voltage  we  will  consider  the  diagram 

-ted  in  Fig.  41.  Number  code  subject  to  conversion  into  analog  magnitude  is 

fixed  by  triggers  T^,  T^,  ...  Triggers 

control  the  current  stabilizers  { ST^ ]  (CT, ), 
STg,  ST^  ...»  which  are  calculated  for 
transmission  of  current  of  standard  magnitude 
I.  Here  only  those  stabilisers  pass  current 
which  correspond  to  triggers  located  in 
state  1. 

Let  us  consider  an  example,  corresponding 
to  the  diagram  in  Fig.  41,  when  to  the  input 
the  number  101  is  sent  and  is  registered 
l.?  triggers.  Here  stabilizers  ST,  and  ST^  work,  and  through  standard  resistors  pass 
the  following  currents:  through  resistor  E  (on  the  right)  passes  current  21,  and 


hi r.  -1.  Diagram  of  a  converter  of 
cede  into  voltage. 


i  etwees; 


remaining  resistors  E  and  2R  passes  current  I. 
output  clamp  and  ground  (tody)  composes: 


,  the  total  voltage  cror 


Thus 


v-aar^n-ut, 

i.e.,  it  Kill  >«  prscsidUoal  ta  csefficiest  5..  the  decimal  efdnlat  oT  code  id. 
iitr-  the  iJErase  of  jrasler  sf  digits  of  countered  cucters,  comspobJiCeir 
jf  isevsrter  are  added  including  stabilisers  and  standard  resistors  .. 

Iceiverters  considered  here  give  only  a  general  representation  regarding  ; 
r  rlr.ciplec  and  technology  tf  conversion,  which  has  presently  turned  into  an 
ir-iapenisesv  and  isnortant  trash  of  cybernetic  technology. 

J£<  Types  .of  Sleatraclc  Caapaters  and  the  Prospects  of  Their  Daalqaept 
bet  us  natsget  with  -certain  concrete  types  of  electronic  digital  computers,  — 
designed'  and  *-iA2i  in  oar  cssntiy.  - 

The  hij^-speed  electronic  ecsputer  [BESM]  (B3&0  is  most  Widely  known;  it  was 
created  at  beginning  of  the  fifties  In  Institute  of  Precision  Mechanics  and  Computer 
Technology  of  Academy  of  Sciences  of  USSR,  under  leadership  of  academician 
3.  A.  Lebedev-.  This  large  universal  machine  contains  almost  &00C  electronic  tubes; 
it  Is  located  In  a  hall  with  an  area  almost  15G  and  consumes  up  to  100  fcHowatts 
of  electric  power.  Machine  executes  up  to  10  thousand  arithmetical  operations  p< r 
second  with  numbers  containing  nine  decimal  places.  Consequently,  It  can  count 
s ill ions  with  an  accuracy  of  one,  or  units  with  an  accuracy  of  up  to  one  billion. 

The  BESM  is  a  parallel-action  computer.  Its  arithmetic  unit  is  made  on  elect*  ' 
relays  (trigger  circuits).  Operational  memory  worked  on  electron-beam  tubes,  which 
at  beginning  of  1957  were  replaced  by  a  magnetic  memory  on  ferrite  cores.  External 
memory  of  the  machine  is  made  in  the  form  of  recording  on  magnetic  tape  (120,000 
ruaters)  ana  on  magnetic  drum  (almost  5  thousand  numbers). 

Tata  input  into  the  machine  is  carried  out  with  speed  of  almost  20  numbers  per 
second,  using  punched  paper  tape  with  photoelectric  readout.  Outlet  of  calculation 
results  is  produced  with  the  help  of  a  photoprinting  device  on  film  with  speed  of 
2-j?  numbers  per  second  and  with  considerably  lower  speed  —  with  the  help  of  a 
electro  mechanical  printing  device. 

Subsequently  the  machine  was  modernized  and  was  produced  in  series  under  the 
seme  “ESM-2.  In  this  variant  all  vacuum  diodes  were  replaced  by  germanium  diodes 
which  seer eased  dimensions  of  the  maciiine  and  permitted  lowering  considerably  the 
p-v.er  consumption  for  its  feed.. 
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~  -  tficssg  she  ateTelppaeat  of  fclgjh  speed,  tat  correspoBSiagij  wre  :a$Ji«atei 
«j4  sojiller  Things,  vide  propagation  ws  obtained  by  cheap  aail-sise  sge  chines, 
a:cessi:lf  to  scientific  research  Institutes,  design  bureaus,  and  large  enterprises. 

.  Ir.  lyfc  the  first  eodesl  of  *Onl*  Machine  were  produced,  designed  for  serial 
.  production.  ~ 

This  Machine  contains  alnost  800  tubes,  5000  gernenitai  diodes,  and  censuses 
poiKr  *  •'iloaatts .  For  placeswnt  the  nschlne  requires  an  area  of  alnost  30  a  . 

It  works  with  speed  of  100  operations  per  second,  operating  with  numbers  containing 
55  tinary  digits.  Basic  elements  of  the  Machine  are  triggers.  Inverters,  and 
shapers.  Memory  unit  of  the  mchine  includes  a  Magnetic  drum  with  1024  cells  and 
Magnetic  tape  with  capacity  of  up  to  40,000  cells.  -For  data  input  into  the  Machine 
with  speed  of  4,500  numbers  per  minute  there  is  used  a  preliminarily  lighted, 
perforated  standard  film,  readout  from  which  is  performed  with  the  help  of 
germanium  photodiodes.  Printing  of  computation  results  is  produced  on  paper  tape 
with  speed  of  100  numbers  per  minute. 

Machine  "Ural"  is  the  most  wide-spread  of  Soviet  computers.  However,  being 
a  relatively  slowly  acting  machine,  it  at  present  has  been  removed  from  production. 
In- 1958-1959  there  was  created  a  modem  form  of  the  machine,  "Ural-2,"  in  which 
operational  7.U  on  ferrite  cores  was  used  which  permitted  increasing  work  speed 
from  100  to  5/000  operations  per  second.  Later  there  was  developed  and  placed  into 
production  the  machine  "Ural-4." 

In  the  Ukraine  machine  "Kiev"  was  developed,  ensuring  fulfillment  of  10,000- 
15  ,000  operations  per  second; 

Machine  "Setun"  is  interesting;  it  was  developed  in  Moscow  State  University 
and  is  presently  in  serial  production.  This  is  the  first  machine  working  in  the 
ternary  number  system;  it  possesses,  in  the  opinion  of  the  authors  of  development, 
a  number  of  advantages  from  point  of  view  of  economy  of  construction  of  machine 
devices  and  simplicity  of  fulfillment  of  arithmetical  operations.  Furthermore, 
the  machine  is  very  reliable,  since  it  is  built  completely  on  magnetic  elements. 

Also  produced  in  series  is  the  machine  "Minsk-2,"  built  on  semiconductor  element 
and  working  with  speed  of  5-6  thousand  operations  per  second,  having  a  capacity  of 
operational  memory  of  4096  numbers  and  consuming  about  4  kilowatts. 

Also  constructed  on  semiconductor  and  ferrite-  elements  is  the  machine  "Razdan-2. 
It  works  with  speed  of  5  thousand  operations  per  second,  has  capacity  of  operational 
MU  of  2Q/8  numbers,  and  consumes  power  of  about  5  kilowatts. 
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&  gusK-sr  of  s&r  =ai‘oj.ss  b«es  desijtned  and  constructed  for  - 

;  Zitrol  of  industrial  proettsses,;  -ocor.aelc-stailscical  calculations,  automation  of  ' 
train  sake-up  and  -driving,  bad  for  other  purposes,  '  o  ;*'•  1.  f  - 

JEurisg  creation  op  n~x  machines,  feslpr^s  jtvvefjjt  to  j^cieise  their  Measurements 
and  weight,  and  attest  to  lower  consumption  of  power  by  introducing  new  semiconductor 
diodes  and  transistors,  ssi ng  of  iogxcal_ circuits  or j  ferrite  cores,  and  increasing 
v-oiaae  of  senary  S?ith  simultaneous  decrease  of  dlsssnalotil  of  wenory  units.  Broad 
prospects  in  field  of  creating  senary  units  of  great  capacity  . and  great  high  speed 
operation  are  being  opened  In  connection  with  the  possibilities  of  using  magnetic 
films;,  tunnel  diodes*  superconductor  (cryogenic)  instruments,  and  so  forth  for  this 
purpose.  ~  _ 

Work  speeds  of  serial  machines  in  the  hear  future  will  reach  hundreds  of 
thousands  of  operations  per  second.  Furthermore,  there  Already  now  .exist  unique  . 
machines,  described  in  English  and  American  press*  work  speed  of  which  reaches  millions 
of  operations  per  second  (Atlas*  STRETCH).  In  the  next  few  years  we  can  expect 
the  creation  of  models  of  machines  which  will  be  able  to  execute  tens  of  millions 
of  operations  per  second. 

In  the  technology  of  digital  electronic  machine  building,  even  greater  application 
has  been  made  of  contemporary  achievements  of  the  technology  of  the  printed  circuit, 
microminiaturisation,  film  electronics,  and  solid-state  circuits. 

After  the  appearance  of  the  first  electronic  digital  computers,  there  has 
passed  a  little  more  than  fifteen  years.  In  such  a  short  period  huge  successes  have 
been  achieved  in  their  design  and  production.  There  are  excellent  reasons  to  expect 
within  the  recent  future  new,  striking  achievements  in  the  swiftly  developed 
technology  of  electronic  machine  building. 

13.  Principles  of  Work  Programming  of  Machines 
Solution  of  the  overwhelming  majority  of  mathematical  problems  leads  to  the 
fulfillment  of  simple  arithmetic  operationsi  To  discover,  for  instance,  the  roots 

p 

of  the  quadratic  equation  x  +  bx  +  c  =  0  with  known  values  of  b  and  c  we,  by  using 
formula  x  « — c  place  the  numerical  values  of  coefficients  b  and  c 
and  then  perform  a  number  of  operations,  such  as  division,  addition,  subtraction. 


Involution,  extraction  of  root,  etc.  It  is  possible  to  show  that  all  these 
operations  in  turn  can  be  performed  in  the  form  of  addition  and  subtraction.  Thus, 
i-r  instance,  in  order  to  multiply  number  50  by  10,  it  is  sufficient  to  add  the 


<2e. 


number  5°  1C  tlaes.  Consequently,  Multiplication  Is  reduced:  to  Multiple  addition. 
Dividing  the  number  20  by  5  can  be  done  by  Means  of  a  nuabef  od  ooinseeufciYe  sub 
subtractions  of  the  divisor  frcn  dividend:  if  —  20  -  5  *  15;  2  —  15  -  5  *  10; 

3  —  10  -  5  »  5;  t  —  5  -  5  •  0.  After  obtaining  zero  l.t  is  necessary  to  calculate 

^  "  "  -  - 

how  Many  tlmss  subtraction  urn*  perf oraed  (in  our  case,  A  ti*es),  and,  this  tenter 
is  the  quotient,  i.e.,  the  result  oftbe  division.  Involution  is.  Multiplication  of 
a  number  by  Itself,  and  multiplication,  as  we  already  have  shown,  is  reduced  to 
addition,  etc.  '  7  ^  /'  .  ...  - 

■  =  Moreover,  subtraction  itself  can:  be  brought  t*>.  addition  during;  corresponding: 
conversion  of  number  codes/.  -  This  is-  especially  conveniently  done  in  binary  nuiater 
system);  which  -permit's1  using  In  arithmetic  unit  of  coaputers  as  a  universal  instrument 
the  adder  considered:  by  us  earlier.  ' 

Possibility  qf  reduction  of  %  rather  complicated  problem  to  a  defined  finite 
number  of  stfeps  of  simple  arithmetical  actions  permits  anyone  to  solve  this  problem 
not  even  penetrating  the  essence  of  problem,  not  even  understanding  it,,  if  only 
another  person,  a  mathematician,  composes  detailed  instructions,  a  description  of 
the  method  used  in  solution  of  this  problem.  For  instance,  we  can,  absolutely  not 
knowing  what  a  degree  is,  to  find  correctly  result  of  5^  =  125,  If  we  know  that  one 
should  multiply  5  by  5  and  once  again  multiply  by  5-  Such  system  of  formal  rules, 
allowing  purely  automatically,  not  penetrating  the  essence  of  the  matter,  to  solve 
correctly-  all  problem's  of  a  certain  defined  type,  is  called  the  algorithm  of 
solution  of  these  problems.  This  means  that  by  composing  algorithm  of  a  given 
problem,  we  make  accessible  to  man  a  -purely  mechanical,  solution  of  this  problem,  and 
if  we  can  manage  to  force  (in  accordance  with  composed  algorithm)  machine  t;o  work, 
then  the  machine  can  also  correctly  solve  this  problem.  Solution  process  of  a 
problem  by-  algorithm  leads  to  fulfillment  of  the  final  chain  of  elementary 
arithmetical  and  logical  operations. 

Description  of  sequence  of  these  operations  is  introduced  into  the  machine  in 
the  form  of  a  so-called  program,  consisting  of  a  series  of  consecutively  executed 
instructions.  Every  instruction  serves  for  execution  of  one  arithmetical  or  logical 
operation.  For  an  example  let  us  consider  the  system  of  three-address  instructions, 
content  of  which  has  the  fora  of  Table  3 . 

All  operations  (addition,  subtraction,  multiplication,  etc . )  in  machines  are 
also  encoded  by  defined  numbers.  Let  us  assume  that  in  our  machine  there  are 
accepted  the  following  codes  of  operations:  addition  0,1,  subtraction  0.2, 
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Table  3 


multiplication  0.3,  printing  of  result  07,  etc.  Then  the 
instruction  of  Table  3  Is  decoded  in  the  following  way: 
add  the  nuwbers  recorded  in  21st  and  27th  aeaory  cells,  . 
and  record  result  of  addition  in  34tL  aeaory  cell. 

Let  us  give  an  exaaple  of  programing  of  soae  staple 
problen.  Let  us  as suae  that,  for  instance,  it  is  necessary 
to  calculate  the  egression 

a+nc-oi. 

Let  us  assume  that  initial  data  for  calculation,  i.e.,  values  A,  B,  C,  and  D,  are 
placed  correspondingly  in  22nd,  29th,  36th,  and  40th  memory  cells. 

Program  of  problem  solution  will  have  the  form  represented  in  Table  4. 

As  a  result  of  fulfillment  of  the  first  instruction  (first  line  of  table),  in 
31st  memory  cell  will  be  placed  sum  of  A  +  B.  After  second  instruction,  in  34th 
memory  cell  there  will  appear  the  difference  of C  -  11  After  third  instruction,  in 
50th  memory  cell  there  will  appear  resuit  of  (A  +  B.)  (C  -  D),  which  will  be  printed 

after  fulfillment  of  fourth  instruction. 

Program  of  solution  pf  sufficiently  complicated 
problem  can  consist  of  very  great  quantity  of  instructions. 
Considering,  however,  the  possibility  of  machine 
fulfillment  of  tens  of  thousands  of  operations  per 
second,  it  turns  out  that  the  machine  can  even  solve 
complicated  prpblems  in  very  short  intervals  of  time. 

Important  peculiarities  of  programming  electronic 
computers  are  the  possibilities  of  cyclical  repetition  of 
separate  sections  of  the  program  with-  new  initial  data,  the  presence  of  instructions 
of  conditional  transition,  at  which  the  machine  (depending  upon  obtained  results) 
either  returns  to  repetition  of  calculations,  or  passes  to  fulfillment  of  following 
instruction,  or  stops,  etc.  All  these  special  methods  of  programming  permit,  with  a 
comparatively  short  program,  exectuing  a  great  volume  of  calculations,  automatically 
changing  the  movement  of  the  calculating  process,  depending  upon  obtained  intermediate 
results  of  calculations,  and  also  permit  the  machine  itself  to  produce  a  program 
-f  further  works,  based  on  the  general  initial  principles  of  programming. 

Composition  of  programs  is  a  very  labor-consuming  process,  and  at  present 
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sssaagssa  espisss  axe  -seser  use 

2.4.  OcsraSliagc  *Kt.ln»t 

ZEectrca  eras praters,  eh*  ram*  iaiicaSas,  an  (designed  to  perfcxa:  calculations, 
5_e.,  operations  with  nunrifceri.  Sowersr,  at  present  they  Sieve  obtained  wider  aead 
adder  rasa  In  solsstlaE  <sf  saaar&slMetl&al.  profcleas,  la  particular  Tor  r.rnwtl; 
roffiaraS,  of  Jndsstrial  processes,  asUitaiy  IteciaKsloBr#  assi  jpoveaesis  of  trar.qr-r  rt. 
rOxsxfciSi.'Sar  of  sarrMres  faE-CIillng  control  fanefciens  lx  detezmlnes  Ij  possibility  eaf 
sessrltis^s  these  or  ether  processes  sy  sstbeastlcal  epatlaot,  saliifcism  of  w&Idh  cat- 

let  os  consider,  far  issgaggg,  fnaaoefjscs  executed  ty  the  engineer  of  as: 
electric  loccnscclva,  soiling  a  train.  Sse  operator  knows  the  schedule  of  storemanc, 
toe  way  of  tbe  route,  train  weight,  and  technical  caput  Hitler  of  electric  Ircasrtlve. 
Se  watches  the  condition  cf  the  rsate,  the  signals  or  the  automatic  clocking  system, 
considers  atmospheric  conditions,  and  actual  falfillgent  cf  the  schedule,  l.e., 
whether  the  train  is  ahead  of  behind  schedule.  In  accordance  with  this  various 
inforssticn,  by  welding  it  the  operator  solves  the  problem  of  the  asst  expedient 
control  of  the  electric  locomotive.  He  solves  this  .problem  roughly,  rasing  Ms  ovr. 
technical  knowledge,  industrial  experience,  and  intuition.  However,  with  approximate 
a  elution  of  control  problem  the  latter  is  often  performed  in  by  far  not  the  test, 
method.  Really,  in  the  sane  section  under  identical  conditions  a  good  engineer  car. 
economise  on  electric  power,  tut  a  less  experienced  one  sight  overexpend  it.  But  even 
a  good  engineer  dees  not  always  sake  the  test  decision,  since  he  often  has”  little 
nine  for  consideration  of  this  decision  while,  furthermore,  both  experience  and 
intuition  still  do  not  ensure  the  fact  that  the  accepted  decision  is  Indeed  test. 
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Tfr— *lli  frafcla  cr  nt  >Mt  zottird  cailtiocs  sr  the  elscais 

laeaMUii  cm  le  itwlvtrly  exmr£2y  moLvci mattaMtlcxlly.  If  one  were  sa  sse  the 
t^aUai  of  train  aoCloa  Mi  to  place  It  it  os  coefficients  -the  earit^gciii^  «e5» 
(tnia  pwlllt  «T  the  roiw,  «pw<  m2  aden).  Oca  tj  this  aqpmti.* 

-me  a  Aula  an  aeet  mkt  npifl  m  «Am  it  JL?  amsnrjr  to  meceierxte  or 
Jeeimte  s  mmks,  with  force  to  brake,  etc. 

Bnwttr  the  wtaecr,  ma  if  he  did  possess  ccmspasilsg  mtbasatical  training 
■fee  caald  sot  be  If  these  calcsfntlms  due  to  lmek  ef  time.  She  fhct  Is 

that  tflee  to  ceosltteratlatts  of  aonKst  safety  'the  a^iaeer  east  reset  qpalsily  tp 
.  rfrmrqpfts'  af  cxtuwl  csoiltlxs,  eves,  if  this  speed  leads  to  a  certain  degree  ca 
JetsiMBt  1c  accuracy  of  select! eg  the  best  c octroi  caditisos  of  s&e  electric: 
Ixonotlft. 

the  use  of  ah  electronic  control  xarhlnr  —  an  automatic  engineer  —  caafcislgg 
taa  .possibility  of  exact  solatia:  of  aowmt  control  of  the  train  with  greats. 
sps~£  operation,  ersariig  attaining  these  exact  solatlocx  in  a  Mas  calculated  Sis 
gecandsj  permits  it  to  control  the  awremerit  of  a  train  better  than  the  engineer 
does,  to  lower  thus  the  cosssaaption  of  electric  power  and  to  increase  safety  ©f_ 
aartsssaat. 

Analogous  principles  can  be  assumed  in  the  basis  of  automation  of  any  industrial 
transport  process.  For  realization  of  this  profelen  necessary  first  .of  all  is  the 
presence  of  a  sufficiently  accurate  mathematical  description  of  the  process  subject 
to  automation.  Such  mathematical  description  should  be  performed,  obviously,  cy 
engineers  of  corresponding  specialty,  faalliar  in  detain  with  character  and 
peculiarities  of  the  flow  of  the  givers  process. 

Thus,  If  It  Is  necessary  to  autonote  the  control  process  of  the  locomotive,  'cy¬ 
an  engineer  —  specialist  in  so-called  traction  calculations .  To  automate  control 
of  chemical  production,  equations  which  establish  numerical  ratios  characterising  t 
this  production,  oust  be  recorded  by  a  cheaist-technologits,  etc. 

After  corresponding  system  of  equations  has  been  composed  describing  the 
given  process,  program  can  be  developed  for  electronic  control  machine,  ensuring  the 
solution  of  these  equations  and  the  realization  of  necessary  control  actions . 

It  is  important  to  stress  here  that  a  solution  by  cybernetic  means  of  automatic 
control  problem  of  any  industrial  process  can  give  an  essential  economic  and 
technological  effect  only  when  this  process  is  carried  out  on  highly  productive. 
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saetSattS rsd  asi  Is  ttssrsa&iiy  *si  ntlaallj  oipaiitdi.  ia  a  poorly 

a«±Klz£j  »t£ifrlse  idle  insufficiently  frodKtin  adts.  She  oppl  Iftlow  cf 
c^eiae^;  tetolqg,  as  a  sale,  does  ass  site  the  proper  effect  aad  la  e=fwri rally 
iatiieilet.  Before  m  lstnodace  cybernetic  aethads  of  central  over  Indnrtrlel 
processes.  It  is  secessaiy  first  of  all  to  perfon  caotideiafcls  technolqglral  aed 
-srjtsisatiggal.  recarjtraetlae  of  processes  thesselm. 

Dsrixg  ofcservaaee  of  tfce  indicated  conditions  all  ad— leges  at  using;  cybernetic  - 
cactrafi.  system*  are  aosrt  Pallj  realised:  high  control  ecousqr  and.  reactiae  speed* 
esuuarfcsg  Uggs  procmctivlty  acd  eeanorric  efficiency.  Etclatiwly  Important  alas 
is  SKKsltUlty  of  replacing;  the  fhnstiaas  of  pan  ms  a  controlling  link  of  the 
cy'ieroetic  arhlnes  In  sad:  places*  where  the  location  of  amt  is  lapeiwlssllle  cr 
usissixai&ile  (in  caesiltiaes  of  strong  radioactive  scissions*  in  honfol  chemical 
praSactians,  iarlsg  distant  'space  flights,  sad  so  forth). 

Ia  all  cases  of  using  cybernetic  Machines  to  control  various  processes  general: 
prlxcialez  are  used  of  automatic  programed  control,  illustrates  by  Fig.  S  and 
iascri&eS  ic  5  5-  let  ss  consider  more  specifically  certain  concrete  cases  of  the 
use  of  electronic  computers  for  purposes  of  control  of  different  processes.; 

Control  of  matal-Morjdbcg.gachtggs.  Qoe  of  -the  fonts  of  control  autanticc  of 
machines  without  the  use  of  electronic  computers  is  the  systen  of  automatic  tr^atsc^t 
of  articles  'ey  feeler  aecnasisn.  She  feeler  nechanias  is  a  component  cootralUiig 
the  relative  notion  of  preparation  and  developnent  of  a  tool  dorirg  treatment  on 
so-called  espying,  seat  frequently  duplicating*  Milling  Machines.  Along  the  feeler 
rss&aaisa  caves  a  roller  or  pin,  feeling  its  profile*  controlling  in  turn  the 
covenant  of  the  tool  and  its  preparation.  The  aanufacture  of  a  good  feeler  neefcanisa 
requires  high  accuracy  and  is  a  rather  lacor-consusing  operation. 

The  use  of  electronic  digital  cr«-puter  permits  replacing  the  feeler  mechanise* 
device  by  such  a  device,  in  which  the  profile  of  the  processed  article  is  assigned 
by  a  system  of  numbers  recorded  in  coded  fora  cn  perforated  paper  tape,  photographic 
fils,  or  magnetic  tape.  In  such  a  fora  the  information  about  required  fora  of  the 
prepared  article  enters  electronic  digital  device,  executing  corresponding 
calculations  and  producing  instructions  for  machine  control.  These  instructions, 
in  the  fora  of  volt-'ge  pulses  or  in  a  fora  converted  into  continuous  values  of  voltage 
.nter  three  effectors  of  the  system,  ensuring,  let  us  say,  shift  of  the  milling 
cut  er  by  needed  magnitudes  along  three  axes  of  coordinates. 
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In  yrla:lple,  aeries  aeuatia:  of  irhlrigs,  tbe  eapoter  can  be  plK&i 


o#t*ide  t**  aactsiop. 


c  astral  ileal  taceaaly  tfae  mit  of  ssraal 


of  electronic  digital  caatrol 


east  of 


productivity. 


Bell.  wtaMtiaa  of 


digital  control  thlnei  Increases  productivity  of  later 
lactlap,  dan  to  a.  redaction  In  adjutant  tine  of  machines, 
of  filled  labor,  and  an  increase  of  eqnlfgn; 


with  continuous  Industrial  processes.  Serelopneti 


of  electronic-  digital  technology  pendts  approaching  a  solation  ef  the  qnesddc 
of  fall  automation  of  complicated  industrial  objects:  conveyers,  Ktricdsps,  afcaLs 


of  fall  antonation  of  complicated  industrial  objects:  conveyers,  stifcdKps,  afcaLs 
plants.  Ibis  profelen  can  nost  easily  be  realized  in  enterprises  with  continuous 
(and  not  piece  or  Intermittent}  industrial  processes,  for  instance,  in  different 
chealcai  and  oil  refinii^;  enterprises. 

The  principle  of  antonatie  control  possible  here  is  illustrated  ty  diagram  in 


Jig.  A2.  Jtet  as 


that  rax  arterial  daring  processing  passes  a  &w>er  of 


stages  of  the  technological  processes  3±,  32,  3y  etc.  Control  of  each  stage  is 
-  performed  by  one  of  the  local  regulators  5,  4, 

5,  constituting  au  electrode  digital  cashier. 


Fig.  42.  Block  diagram  of  auto¬ 
matic  control  of  an  enterprise 
with  a  continuous  technological 
process.  1  —  central  electron, 
computer;  2  —  analyzer  of  yaw 
material;  3,  4,  5  —  local 
regulators  of  stages  of  the  pro¬ 
cess;  6  —.analyzer  of  finished 
product;  3^,  32,  3^  —  stages  of 

technological  process. 


to  diick  pragma  of  adjustment  of  given  stage 


of  process  Is  assigned\^Xocal  regulators  lave 
two  coosunicatlon  channels  each  (firect  and  rivers 
both  with  the  units  carrying  out  stages  01  .tie 
technological  process,  as  well  as  with  central 
electronic  computer.  The  latter  obtains 
information  fron  local  regulators  about  sover-enfc 
of  the  process  by  stages  and  fron  analyzers  2  and 
6  it  obtains  data  of  analysis  results  of  initial 
raw  material  ana  finished  product.  By  comparing 
results  of  analysis  of  finished  product  with  the 


technical  requirements  presented  to  it  and  by  processing  all  remaining  proceeding 
information,  the  central  electronic  computer,  as  if  executing  the  role  of  "dispatcher' 
of  the  enterprise,,  introduces  the  necessary  correctives  into  work  programs  of  the 
local  regulators.  This  leads  to  changes  of  flow  of.  the  stages  of  the  technological 


process,  which  ensure  obtaining  a  product  of  the  desired  quality. 


As  the  ctstnl  eleiaad;  csnputer  It  is  expedient  to  use  a.  ■dMne,  idlch  in 
:-xtrol  process  can  rind  the  test  operatise  conditions  at  the  enterprise.  For  this 
in  its  aaaosy  there  must  te  contained  defined  appraisals  cf  control  sonant  try  one 
ar  another  proem  and  possibility  should  be  anticipated  at  automatic  transition  to 
acst&er,  sore  profitable  sort  program. 

Already  there  oav  exist  fully  autonated  bakeries,  in  sblcfa  cybernetic 
technology  permits  (by  assigaed  recipes)  aatcmmtlcsily  dough  fro*  needed 

canpoesest s  ted  is  required  proportions,  controlling  its  baking,  ad  to  produce 
various  finished  articles.  In  such  plants  there  exists  an  antonatlc  system  which 
processes  statistical  data  about  the  weight  of  produced  articles  aid  automatically 
correcting  the  snssmat  of  dough.  ‘Shis  has  allowed  considerably  decreasing  the 
swerexp-nditare  of  dough  and  at  the  same  time  decreasing  deviation  in  weight  of 
articles  from  the  norm. 

In  the  direction  of  full  automation  of  enterprises  only  the  first  steps  have 
been  made.  However,  it  is  possible  to  say  -with  confidence  that  in  the  future, 
application  of  electronic  computers  for  this  purpose  will  alloy  considerably  increasing 
the  accuracy  and  operational  quality  control,  and  consequently  also  inproving  the 
basic  technical  and  economic  Indices  of  production. 

Control  of  electric  power  stations  and  power  systems.  A  very  bright  future 
belongs  to  "dispatcher"  machines  In  automated  electric  power  stations,  in  power 
systems,  and  in  future  single  high-voltage  network  of  the  Soviet  Union,  as  well  as 
single  network  of  socialist  countries.  Joined  by  the  Council  of  economic  mutual 
assistance.  * 

For  control  of  all  working  stages  of  contemporary  electric  power  stations, 
especially  thermal  stations,  it  is  necessary  to  use  a  huge  number  of  data  units  which 
signal  regarding  movement  of  flow  of  various  processes  (unloading  and  preparation  of 
fuel,  its  supply  to  boilers,  work  of  the  boilers,  turbogenerators,  transformers, 
system  of  energy  distribution,  arid  others).  Quantity  of  data  units  in  electric 
power  station  reaches  several  hundreds,  where  the  wires  from  them  are  wound  up  in 
special  instrument  cabinets  and  on  boards,  designed  for  observation  and  adjustment 
of  the  processes  of  production  of  electric  power  by  the  duty  staff. 

A  considerable  reduction  of  quantity  of  duty  staff,  and  in  principle  complete 
automation  of  control  over  the  work  of  electric  power  station  can  be  attained  by 
means  of  using  a  cybernetic  machine  for  this  purpose.  Here  the  outputs  from  all 
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data  unit*  are  led  into  the  aadilae,  wfcich  cowpa rer  their  iEriicatlons  with  tSbe 
assigned  values  of  corresponding  parameters,  ana  in  case  of  ieriatijc  of  these 
parameters  frta  tte  non  it  ensures  issue  of  correcting  Influences  on  controls,  if 
adjustuent  can  be  perfoned  by  several  variants,  then  the  narfilw  (1st  process  or 
control)  calculates  and  selects  the  optl—  variant. 

Exclusively  gnat  is  the  role  of  cybernetic  technology  in  dispatcher  points  of 
large  unified' pouer  ays tens.  Depending  upon  power  consopticn  in  separate  sections 
of  the  systea,  the  cybernetic  "dispatcher*  solves  problem  of  optlan  distritoti^n  of 
energy-  sources  and  loads,  and  ensures  aatoantic  switch  sc  and  stop  of  urits  is  ite 
electric  power  stations,  switching  of  transfomer  substations,  high-voltage  lines, 
and  so  forth. 

The  use  of  cybernetic  technology  in  transport.  At  the  beginning  of  this  chapter 
we  considered  the  Idea  of  a  device  for  automatically  driving  a  locomotive.  Mi 
Idea  ls  iiibwiI  an  basis  of  machine  developed  and  built  in  Soviet  Uoi£S,  cslled 
"autaaatic  engineer."  It  is  built  cowpletely  on  magnetic  logical  elements  and 
semiconductor  valves  and  does  not  contain  one  tube,  if  one -were  not  to  consider 
tie  kenotrons  in  power  supplies.  First  staple  of  the  automatic  engineer  designed 
for  automatically  dirving  electrosections  of  suburban  trains.  Subsequently  machines 
were  developed  for  automation  of  control  dyer  electric  locomotives  and  diesel 
locomotives,  as  well  as  subway  trains. 

Another  model  of  computer,  also  made  on  magnetic  elements,  is  designed  for 
automating  the  process  of  forcing  trains-  or*  so-called  sorting,  hills  of  large 
railroad,  stations.  The  rolling;  stock,  subject  to  sorting,  will  approach  by  cars 
forward  to  the  hill  where  uncoupling  takes  place.  Having  moved  through  summit  of 
the  hill,  under  action  of  gravity  the  railroad  cars  are  rolled  downwards  along  the 
slanted  part  of  the  hill,  where,  depending  upon  where  the  load  is  going,  the 
railroad  car  (with  the  help  of  pointers)  goes  to  one  of  the  routes  of  so-called 
park  at  the  bottom  of  the  hill,  where  trains  for  different  directions  are  forced. 

So  that  the  railroad  car  did  not  strike  against  railroad  cars  already  standing 
at  bottom  of  the  hill,  it  must  be  braked.  Braking  on  nonmechanizea  hills  is  carried 
out  by  laying  special  brake  shoes  under  wheels,  and  on  mechanized  hills  by  railroad- 
car  retarders,  which  are  braking  tires  located  on  both  sides  of  the  rails,  pressing 
the  landing  of  the  wheels.  Control  of  railroad-car  retarders  is  performed  by  the 
operator  from  control  post.  However,  since  different  railroad  cars  (loaded  and 
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e-mpty.  wi gso2  sr  bsd  r.r  j  ie?siq:-  different  speeds  «&d  possess  various 

asrg?,  srJ  sis-  :acsli&»lis  tSsi.  depending  upon  the  congestion  of  routes  In. the 
pa*  as  the  fcottsas  off  tbe  hill,  they  buss  pass  a  different  distance,  and  their 
trailing  stssid  be  carried  oat  vltfc  different  intensity,  dete  mined  by  toe*  operator 
by  eye,  inaccurately .  iherefafe  sues  railroad  cars  stop  earlier  than  necessary, 
aci  they  asst  tsen.be  rolled  aacaally  or  by  tractor,  and  others  stri&e  against 
already  st^pdl  railroad  cars  which  leads  to  them  being  damaged. 

F.eplacing  the  operator  by  a  electronic  computer  can  give  a  sharp  improvement 
in  the  waric  of  a  sorting  hill.  Special  radar  device,  using  so-called  Eoppler  effect, 
coclicasasly  measures  the  speed  off  railroad  car  rolled  fr«»  Mil,  and  thus 
■seierslE.es  its  running  properties,  caused  by  weight  and  quality  of  bearings.  Another 
electrical  device  dece  mines  the  distance  to  the  closest  railroad  cars  standing  In 
the  routes  at  the  bottom  of  the  Mil.  AH  this  Information  enters  the  electronic 
ecaatJter,  which  solves  the  dptasic  problem,  at  what  speed  the  railroad  car  should 
emerge  from  the  retarder  wo  that  it  stepped  at  the-  assigned  place,  and  correspondingly 
controls  the  braking  in  the  retarders. 

Kith  the  use  of  electronic  computers  there  can  be  created  systexs  of  automatic 
control  over  movement  of  trains  In  entire  dispatcher  sections,  a  device  for  autocall! 
ticket  selling  for  distant  locations  including  also  those  with  transfers,  with 
automatic  elimination  of  occupied  seats,,  and  ethers. 

Abroad  there  has  been  developed  a  model  of  a  superhighway  with  automatic  ccr.tr .r 
of  motor  vehicle  movement  along  it  without  drivers,  where  automatic  passing  is 
anticipated  of  slowly  moving  machines,  ana  their  automatic  entrance  and  departure 
onto  the  superhighway. 

On  superhighways  there  exist  automatic  radar  speed  measuring  devices  of  passing 
machines,  which,  in  the  case  of  exceeding  the  speed  limit,  a  camera  is  automatically 
turned  on,  capturing  on  film  the  machine  number.  Thus,  at  the  end  of  duty,  the 
regulator  need  only  (by  automatically  manifested  film)  to  extract  and  to  dispatch 
tickets  to  the  offenders. 

The  use  of  cybernetic  machines  has  great  prospects  for  street  traffic  control . 
/'jcox'ding  to  reports  of  foreign  press,  in  120  crossroads  of  busiest  part  of 
?:  -  w  York  there  is  a  device  which  regulates  street  traffic  considerably  better  and 
•...ire  exactly  than  was  done  by  traffic  policemen.  Into  it  information  is  introduced 
regardint  the  quantity  of  machines  accumulating  in  each  direction,  proceeding 
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fran  special  asters  with  photocells  or  suspended  radars,  about  the  expectation  lias 
of  the  first  actor  vehicle,  and  finally,  about  the  load  of  the  neighborin' 

’  5 

crossroads.  Hie  use  of  this  systea  has  permitted  reducing  360  polio esaec  and 
1  decreasing  toy  half  an  hour  the  departure  tine  in  "peak"  hours. 

For  several  years  there  has  toeen  in  field  testing  a  cybernetic  light  signal  In 
Leningrad,  developed  toy  colleagues  of  Leningrad  electrical  Institute  of  caessmicati® 
la.  M.  A.  Baoch-Bruyevich,  jointly  with  [ORUC]  (Cfyji)  (Division  of  Street  Traffic 
Regulation)  laboratory  of  Leningrad  police  departaent. 

Hals  antnastlc  light  signal  records:  the  accuaulation  of  xachines  approaching 
froa  various  directions,  and  solves  the  problem,  at  which  moments  and  for  how  long 
it  is  most  .profitable  to  light  the  green  light  in  a  given  direction.  It  passes  out 
of  turn  fire  trucks  and  ambulances,  which  have  special  distinctive  radio  signal 
devices,  lien  transport  moves  for  a  long  time  in  only  one  direction,  the  cybernetic 

'  -  ~v«V*. 

regulator  stops  this  movement  to  allow  passage  of  pedestrians. 

Already  at  present  there,  are  toeing  used,  and  subsequently  more  and  sore 
widely  cybernetic  devices  will  toe  Introduced  which  are  designed  for  automatic 
driving  (toy  assigned  program)  of  ships  and  automatic  piloting  of  aircraft. 

Cybernetic  technology  in  military  affairs..  Possibility  of  creating  self- 
controlled-  devices,.  acting  without  participation  of  nan,  naturally  attracts 
considerable  attention  of  specialists  working  in  field  of  military  technology. 
Cybernetics  was  engendered  during  the  years  of  the  Second  World  War,  and  was 
immediately  used  for  solution  of  a  number  of  problems  of  a  military  character.  For 
post-war  period,  technology  cf  electronic  machines  has  made  great  successes.  It  is 
difficult  to  enumerate  all  their  possible  uses;  therefore,  we  will  indicate  on  the 
basis  of  foreign  sources  only,  certain  military  areas,  where  systems  are  already  used 
or  projected  which  include  electronic  computer  technology. 

First  of  all,  machines  are  widely  used  for  the  production  of  highly  labor- 
consuming  aerodynamic,  ballistic  (i.e.,  connected  With  determination  of  flight 
trajectory  of  missiles  and  rockets)  and  other  calculations.  The  great  high  speed 
operation  of  the  machine  permits  calculating  exact  trajectory  of  missile  in  a  time 
shorter  than  time  of  the  actual  flight  of  the  missile. 

One  of  the  most  wide-spread  applications  of  cybernetic  devices  in  military 
affairs  are  systems  of  automatic  fire  control  of  anti-aircraft  artillery,  joining  a 
radar  station,  revealing  the  aircraft  at  a  distance,  and  an  analog  computer,  which 


;y  the  data  free  raiar,  calcjiatss  the  further  route  of  the  aircraft  and  produces 
instructions  for  device  which  guide  the  weapon  ana  controls  autocade  firing. 

A  special  role  belongs  to  cybernetic  technology  in  systems  of  distant  detection 
and  interception  of  high-speed  bomber  aircraft  and  ballistic  rockets.  The  American 
press  reported  a  unique  semiautomatic  system  of  antiaircraft  defense  developed  in 
the  Uni  *£"*'■  States .  In  this  system  Information  from  a  large  quantity  of  distant 
deteeiL_i 'radars  enters  central  computer,  in  the  memory  of  which  there  are  data 
regarding  the  presence  of  means  of  antiaircraft  defense  and  fighter  aviation. 

Machine  solves  tactical  problem  of  the  best  distribution  of  these  means  and  through 
computer  "subordinated"  to  it  controls  automatic  opening  of  antiaircraft  zenith 
artillery  fire,  the  scraab.  ihg  of  fighter  aircraft,  and  launching  of  guided  missiles . 

Very  promising  is  the  creation  (on  basis  of  cybernetic  machines)  of  systems  of 
automatic  aircraft  flight  control.  For  example,  in  1952-1953,  in  the  United  States 
the  "Digitac"  system  was  tested  in  scores  of  takeoffs;  the  system  was  designed  for 
automatic  flight  control  of  a  bomber  and  bombing.  System  permits,  by  means  of  radio 
navigation,  determining  the  position  of  aircraft,  calculating  the  course  of  aircraft 
to  an  assigned  target,  and  automatically  ensuring  this  course,  and  by  target 
position  data,  altitude,  flight  speed,  and  meteorological  data  to  determine  the 
point  where  aircraft  must  drop  its  bombs,  arid  automatically  control  the  bombing 
itself.  Electronic  computer  of  system  contained  260  tabes  and  1,300  germanium 
diodes.  Power  drain,  including  power  consumption  for  cooling,  was  .1.-3  kilowatt. 
Volume  of  entire  "Digitac"  system,  including  electronic  computer,  power  supplies, 
receiving  and  measuring  device,  cooling  and  adapter  for  connection  with  automatic 
pilot  of  the  aircraft,  composed  almost  0.3  at  a  weight  of  about  100  kilograms. 

At  present  there  exist  considerably  more  economic,  light  weight,  and  small-size 
systems  of  automatic  aircraft  control. 

In  connection  with  rapid  growth  of  intensity  of  air  traffic,  ana  increase  of 
quantity  of  aircraft  located  simultaneously,  in  the  air  in  the  area  both  of  air  bases 
as  well  as  civil  airports,  of  exceptional  value  is  the  automation  of  dispatcher 
control  over  air  traffic.  For  this  purpose  special  control  centers  have  been 
created. 

According  to  reports  of  the  American  press,  similar  centers  are  equipped  with 
four  specially  developed  (for  this  purpose)  electronic  computers.  One  of  them  is 
.'’signed  to  process  data  about  the  aircraft's  following  its  course,  the  second  will 


y:  *  .  - 

vatch  for  movement  of  aircraft  in  area  of  the  airport,  third  is  a  reserve,  and 
fourth  serves  a*  an  intermediate  link  to  connect  the  center  with  antiaircraft 
defense  xystem. 

Cybernetic  systems  exist  which  are  designed  for  automatic  control  over  torpedo 
boats.  1 

Very  important  role  can  he  played  by  cybernetic  machines  in  the  solution  of 
ope  ration- tactical  problems:  the  collection  and  treatment  of  reconnaissance  data, 
encoding  and  tnhsalsaion  of  information  about  the  enemy  and  about  his  troops  to 
headquarters  of  higher  subdivisions,  drawing  the  situation,  on  a  map,  preparation  of 
calculated  data  for  the  caamanders  to  make  a  decision,  development  of  variants  of 
these  decisions  and  others. 

Of  considerable  benefit  can  be  electronic  digital  computers  working  away  from 
the  front  in  automation  of  supply  of  the  army.  Their  use  permits  essentially 
reducing  the  time  for-  shaping  and  realizing  requests^  making  more  operational  the 
.processes  of  calculation  of  goods,  their  storage,  transport,  and  so  forth.  Machines 
can  ensure  both  the  development  of  plans  in.  material-technical  supply  of  troops, 
and  automatic  control  of  the  realization  of  these  plans. 

Finally,  important  role  can  be  played  by  cybernetic  machines  in  the  improvement 
of  combat  training  of  military  specialists  as  automatic  trainers.  Wide  propagation 
•  has  been  obtained  by  trainers  for  the  preparation  of  pilots,  astronauts,  drivers, 
tankmen,  and  other  specialists . 

15.  Informational-Logical  Machines 

Besides  the  solution  of  problems  of  a  calculating  character  and  their 
application  in  control  systems,  cybernetic  machines  can  be  used  for  mechanization  of 
a  number  of  other  forms  of  mental  work  amenable  to  formalization,  i.e.,.  those  which 
can  be  carried  out  in  accordance  with  clear,  preset  rales.  Examples  of  similar 
forms  of  mental  labor  are  calculation,  statistics,  certain  planning  problems,, 
translation  from  one  language  into  another  of  scientific  texts,  and  so  forth. 

The  informal  forms  of  mental  labor  are  problems  of  a  creative  character,  for 
instance,  invention,  development  of  new  scientific  theories,  literary  and  musical 
creative  work,  and  other  problems,  in  which,  although  there  exists  certain 
conventional  rules  and  norms,  the  dominating  role  is  played  by  talent,,  inspiration, 
and  intuition  of  the  creator..  Solution  of  creative  problems  is  inaccessible  to 
machines,  in  any  case  in  their  contemporary  form. 
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Machines  designed  for  the  mechanization  of  certain  processes  of  the  mental . 
lac  or  of  sian,  found  in  perception,  storage,  and  data  processing  by  a  defined 
logical  prograa,  are  called  informational-logical  Machines.  They  can  be  used  for. 
autoaaiic  translations  of  texts  from  one  language  to  another  for  treatment  of 
results  of  scientific  investigations  and  engineering  developments,  for  alternation 
of  processes  of  information  search  (issue  of  references),  for  diagnosis  of 
diseases,  for  the  treataent  of  different  statistical  data  and  fulfillment  of 
planning  and  economic  calculations,  for  instruction,  and  for  several  other  purposes. 
Let  us  consider  certain  of  the  most  Interesting  and  prospective  types  and  the 
application  of  similar  machines. 

Automatic  translation.  First  public  demonstration  of  Machine  translation  took 
place  in  the  [IEM-701]  (Vf3I-701)  electronic  coaputer  in  Hew  York,  in  January,  195*=- 
In  memory  unit  of  machine  there  were  introduced  a  Russian-English  dictionary  of 
250  words  and  a  program  which  contained  almost  2,^00  instructions.  For  the 
translation  simple  text  was  selected  consisting  of  words  "known"  by  the  machine. 

Ih  1955,  in  [BE3M]  (B3CU)  machine  experiments  were  carried  out  in  translation 
from  English  language  to  Russian.  For  this  In  machine  memory  dictionary  was 
introduced  of  952  English  and  1,073  Russian  words.  Among  the  English  words  121  had 
two  different  meanings,  which  was  indicated  in  dictionary  with  the  help  of  a  special 
code.  Regarding  the  success  of  these  -experiments,  it  is  possible  to  judge  by  the 
following  extract  from  an  article  printed  In  one  of  the  French  magazines  in  1956. 

"Last  summer,  during  their  stay  In  Russia,  members  of  American  delegation  were 
invited  to  a  demonstration  of  work  of  an  electronic  computer,  created  by  Soviet 
scientists.  An  experiment  in  translation  from  the  English  language  to  Russian  showed 
than  the  Russian  machine  operated  with  a  dictionary  of  over  1,000  words  and  ’composes 
phrase  with  much  greater  accuracy  than  does  the  American  machine. 

The  famous  Massachusetts  Institute  of  Technology  recently  organized  a  committee 
consisting  of  five  mathematicians  and  philologists  to  detect  the  secret  of  the 
Russian  electronic  computer." 

In  fact  there  were  no  special  "secrets"  ih  the  Soviet  machine.  As  is  mentioned 
above,  experiments  took  place  In  universal  machine  BESM,  not.  designed  especially  for 
translation.  Serious  successes  in  this  effort  were  reached  thanks  to  the  great 
work  which  Soviet  mathematicians  and  linguists  performed,  developing  more  perfect 
methods  of  translation  programming. 


Let;  as  ay  be  shortly  expo osd  the  slsqplest  principles  of  acNg  *al  iarlrg 
UaulatlcD.  Bark  process  of  the  tneslitsr,  Let  as  say,  Airing 
tncxktioa  from  lnygr  to  aasSlan,  consists  in  finding  fro*  mesxtry  or 

Is  the  dictionary  Msfflclecily  accurate  Basslac  eqninlnU  of  Sgllih  sards,  in 
analysis  at  the  text,  acd,  finally.  In  correct  construction  (synthesis)  of 

Bassfan  text.  The  nost  profciaa  is  finding  Russian  words  which  correspond 

to  tfae  Let  as  say  that  we  want  to  translate  into  Russian  the  English  word 

boat  (book).  For  Inpat  of  the  English  text  into  the  nrHre,  it  ssst  be  asrsSsi 
in  a  defined,  naaner,.  i.e.,  replaced  by  xcattrs,  since  the  machine  can  xly  operate 
with  zsaten.  Let  as  designate  the  letter  b  of  Latin  alphabet  threads  06,  the 
letter  o  through  25,  sad  letter  k  through  19.  Thee  the  English  word  book  will 
correspond  to  the  reader  06232225.  Fcr  inp;t  ef  Begllah.  text  into  machine  apparatus 
is  used  with  typewriter  keyboard  haring,  with  Latin  print.  During  a  blow  aa  the 
be*'':  -card  this  apparatus  pierces  a  b»ile  is  paper  tape'  .or  perched  -card  corresponding 
-  to.  code  of  a  gives  letter.-  *2hen  tape  Is  .seat  -to  taps#,  device,  whence  numbers, 
c crrespocdijGg  .to-  Hbgl  !sh  words,  eater  aasMir  Is  'the  fora  of  electrical  poises. 

-  in.  machine  neasory  unit  the  dictionary  previcasly  placed  there  is  stored,  in 
which  each  &gll«h  and  Euislac  word  Is  also  replaced  by  e  number.  Search  for 
desired  word  book  consists  of  comparison  -by  the  subtraction  -method,  expressing  its 
number  06252219  with  all  .wssktres  of  the  dictionary.  Here  difference  will  be 
obtained  equal  to  zero,-  only  vfccn  the  desired  ward  is  revealed..  .Considering  that 
machine  can  perfora,  let  us  say,  10,030  subtractions  per  second,  we  come  to  conclusion 
that  even  if  desired  word-  were  at  the  end  of  the  dictionary,  then  with  a  dictionary 
volcme  of  a  thousand  words,  locating  the  word  weals  take  0.1  sec. 

However  it  'Is  possible  thus  to  translate  oily  simple  words,  which  are  In 
initial  fora,  and  to  replace  all  English  words  by  Russian  words  in  the  sane  order  as 
they  were  in  the  English  text,.  For  competent  translation  of  real  texts  it  is 
necessary  to  select  one  of  the  many  possible  meanings  of  a  multiple-meaning  word  by 
means  of  analysis  of  words  surrounding  it,  to  analyze  English  text  from  the  point 
of  view  of  English  grammar,  ana  competently  to  construct  a  Russian  translation  in 
accordance  with  Russian  grammar.  411  this  requires  extraordinarily  great  preparatory 
work  in  coepo-ifcion  of  a  suffic  i-ent^y  accomplished  program  of  machine  work.  Program 
should  be  previously  introduced  ...»  machine  along  with  dictionary,  where  the  large* 
amount  of  rules  and  exceptions  to  them  requires  very  great  capacity  of  memory  units. 


rosy  ziz:ss  exceeding  the  capacity  necessary  for  dictionary  storage. 

At  present,  work  oe:  further  iaproveaent  of  Methods  of  Machine  translation  is 
being  conducted  cy  a  large  nuater  of  scientific  collectives  both  in  Soviet  Union, 
as  veil  as  abroad.  Results  of  this  voric  will  allow,  in  the  future,  crossing  froa 
experiments  to  practical  application  of  autonatic  translation  Machines.  In  the 
first  place  this  precis*  will  be  solved  for  translation  of  scientific  texts,  in 
which,  first,  the  quantity  of  words  is  Halted,  as  &  rule,  to  several  thousand  and, 
secondly,  the  construction  of  sentences  considerably  wore  exactly  follows  existing 
rales  of  grasnar. 

Translation  of  artistic  literature  is  hampered  not  only  by  considerably  richer 
dictionary,  but  also  by  the  fact  that  in  an  artistic  literature  all  kinds  of 
ifciocatic  expressions  are  used  sore  often.  However,  the  a&ln  difficulty  of 
translating  artistic  texts  consists  of  the  fact  that  sometimes  even  foraally  correct 
translation  turns  out  to  be  very  far  from  meaning  and  spirit  from  original,  because 
translator  of  the  artistic  product  oust  not  only  know  the  language  well,  but  should 
also  know  the  life,  culture,  and  customs  of  the  people  from  whose  language  the 
translation  is  taken.  And  such  requirement  we,  of  course,  cannot  present  to  the 
machine. 

Although,  translation  experiments  were  carried  out  in  ordinary  universal 
machines,  subsequently  for  translation  there  will  be  created  specialized  machines 
with  considerably  more  capacious  memory  units,  with  special  sets  of  instructions, 
and  with  fast-working  input  and  output  devices. 

Principally  solved,  but  requiring  still  greater  practical  development,  are  the 
most  interesting  problems  of  direct  lead-in  into  the  machine  of  punted  text  (book, 
newspaper,  magazine),,  so  that  in  the  input  device  there  occurred  automatic  encoding 
of  letters  by  numbers.  Still  more  complicated  is  the  problem  of  direct  encoding 
of  sounds  of  human  speech.  All  of  these  are  problems,  which  will  be  solved  by  joint 
efforts  of  mathematicians,  linguists,  engineers,  and  physicists. 

Reference-bibliographic  machines .  The  continuously  increasing  flows  of 
scientific  information  in  the  form  of  books,  articles,  accounts,  reports,  and 
patents  more  and  more  hamper  their  use  in  connection  with  the  difficulties  of 
investigation  and  familiarization  with  corresponding  materials.  If  a  scientist  in 
the  past  centuries  could  become  acquainted  with  practically  all  of  the  somewhat 
sparse  literature  on  an  interesting  question  and  this  took  away  from  him  only  an 


Insignificant  part  of  this  working  time,  then  at  present  such  an  abundance  of 
literature  is  published  on  all  questions  of  science  and  technology  that  familiariza¬ 
tion  with  all  this  literature  even  in  same  narrow  field  of  knowledge  becomes 
back-breaking  for  a  man  even  when;  he  devotes  all  his  operating  time  to  this . 

Paradoxical  situation  appears  when  the  actual  abundance  of  scientific  materials 
on  different  branches  cf  knowledge  becomes  an  obstacle  to  the  full  value  and  deep 
mastering  of  these  branches .  At  the  same  time  the  cost  of  "efforts  emended  in 
vairi"  in  scientific  research  work,  according  to  affirmations  of  certain  authors,  is 
at  present  more  than  half  of  the  full  cost  of  these  works,  since  often,  in  every 
concrete  case,  the  problem  chi  hand  could  have  been  solved  by  more  effective  methods 
or  even  an  already  prepared  solution  could  have  been  had,  if  beforehand  it  had  been 
possible  to  examine  all  available  literature  concerning  this  question. 

In  connection  with  the  fact  that  the  growth  of  the  number  of  scientific 
publications  of  statistical  data  occurs  not  in  arithmetical  or  even  in  geometric 
progression,  but  by  power  law,  then  occurs  a  further  rapid  "impariment"  of  the 
possibilities  of  access  to  these  all-increasing  masses  of  Information. 

The  only  apparent  radical  means  of  long-term  solution  of  this  question  is  the 
creation  of  data  processing  computers,  capable  of  accumulation  and  systematization 
of  large  quantities  of  information  and  issuing  references  during  the  approach  from 
without  into  the  machine  in  a  definite  way  of  an  encoded  question.  The  work  of 
similar  data  processing  computer  of  the  future  can  be  graphically  shown  in  the 
following  way. 

In  memory  unit  of  machine  there  are  recorded  (in-  defined  sequence)  systematized 

* 

information  on  various  questions.  The  number  of  scientific  disciplines  in  the 
machine  and  the  width  of  its  scope  by  material  are  determined,  obviously,  by  logical 
possibilities  and,  in  the  first  place,  the  volume  of  its  memory.  Further,  all 
newly  arriving  scientific  literature  on  questions  which  are  in  the  sphere  of 
"competence"  of  the  machine  is  sent  to  its  input  device.  Here  automatic  reading  of 
text,  its  automatic  translation  into  "native"  language  of  machine,  and  encoding  into 
digital  form  takes  place.  After  that  the  information  enters  machine  and  is  compared 
with  that  already  recorded  in  its  memory  units.  If  it  turns  out  that  in  the  newly 
arrived  materials  there  is  no  new  Information  as  compared  to  that  which  is  already 
contained,  then  this  material  is  not  fixed  in  machine  memory.  New  information  is 
systematized  and  is  recorded  in  the  form  of  supplements  to  information  already 
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available  in  machine. 

Appeal  to  the  machine  can  be  carried  out  by- means  of  guerying  it  by  defined 
code,  which  corresponds  to  the  discipline  of  knowledge  which  interests  us  or  to 
concrete  object  of  information.  Here  the  machine  Issues  through  its  outlet  organs 
extensive  information  in  the  fora  of  text  on  a  fora  or  in  oral  fora  regarding;  the 
given  question,  illustrating  it  by  drawings  cm  television  tube  screen.  For 
production  of  information  it  is  not  obligatory  to  be  near  the  data  processing 
computer.  Its  subscribers  can  be  connected  with  machine  with  the  help  of  special 
or  telephone  lines.  Here  for  the  subscriber  there  should  be  a  panel  of  a  set  of  the 
query  code  and  a  device  for  reproduction  of  information  proceeding  from  machine. 
Future  machines  or  complexes  of  machines  of  similar  type  can  be  called  Informatoria, 
telelibraries,  or  telearchives. 

All  technical  problems  connected  with  the  creation  of  such  machines  are 
solved  in  principle.  Devices  exist  for  automatic  readout  of  texts,  automatic  — 
translation,  recording  storage,  treatment,  and  reproduction  of  Information.  However, 
the  practical  realization  of  the  idea  of  similar  Informatoria  is  still  far  from 
realization.  Contemporary  uJvices  of  automatic  reading  and  translation  are  quite 
imperfect,  complicated,  and  expensive,  and  have  a  greater  cognitive  than  practical 
value.  Therefore,  at  first  stage  of  creation  of  data  processing  computers  the 
input  of  information  into  them  will  be,  obviously,  produced  manually  by  operator. 

However,  the  most  important  obstacle  in.  the  creation  of  Informatoria  is  the 
present  absence  of  sufficiently  capacious  operational  memory  units  with  flexible 
address  organization,  adjusted  for  the  execution  of  individual  problems  placed 
before  them.  The  fact  is  that  existing  units  of  operational  memory  have  capacitance 
on  the  order  of  tens  of  thousands  or,  in  the  best  case,  hundreds  of  thousands  of 
words,  whereas  data  processing  computers  must  have  a  memory  volume  measured  by  at 
least  tens  and  hundreds  of  mi] * ions  of  words  and  more.  Ideally  the  memory  capacity 
of  such  machines  must  considerably  exceed  the  memory  of  man,  which  is  estimated  to 
have  a  volume  of  billions  and  hundreds  of  billions  of  words. 

Further,  so  that  during  information  input  the  machine  itself  might  classify  it 
by  content,  and  during  reproduction  might  detect  required  objects  of  information  by 
defined  criteria,  it  is  desirable  and  sometimes  vitally  necessary  to  have  ih  the  data 
processing  computers  memory  units  with  information  search  not  by  address,  but  by 
content,  which  are  called  associative  memory  units.  If  the  usual  address  system  of 
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-4nfoi^tio^  search  in.  memory  can  be  likened  to  a  search  for  an  addressee  by  street 
'took,  house;numb<er,  and  apartment  number,  then  associative  system  is  similar  to 
search  f  oraddressee  by  his  external  criteria  .(sex,  height,  color  of  hair,  and  so 

forth)l  : -s .  -  '  - 

Let--  us  consider  construction  principles  of  simplest  associative  memory  units  or, 

more  exactly,  memory  units  with  search  by  content  and  by  criteria.  Let  us  assume 

•*> 

that  in  the memory  there  are  .m.  so-called  fields,  corresponding  to  a  objects  of 
information.  Each  field  contains  n  words,  determining  the  criteria  of  these  objects. 

To  detect  an  object  of  information  it  is  necessary  to  find  the  field  in  which  a 

$ 

defined^ quantity  of.  criteria,,  introduced  in  associative  memory  unit,  coincides  with 
the  criteria  recorded  in  the  field. 

Besides  reference-informational  and  bibliographic  devices,  a  similar  device 
can  be  used  -for  instance,  in  diagnostic  machines,  which  must  issue  a  diagnosis  of 
a  disease  by  the  sum  of  criteria  (symptoms),  characterizing  state  of  the  organism; 
Analogously,  automatic  determinants  of  chemical  compounds,  geological  rocks,  plants, 
and  so  forth  can  work.  Such  determinants  by  combination  of  separate  criteria  must 
issue  designation  of  object  of  information  corresponding  to  these  criteria. 

Finally,  problem  of  detecting  ah  object  of  information  can  be  augmented  by 
issuing  certain  accompanying  information.  For  instance,  diagnostic  machine,  along 
with  diagnosis,  can  issue  recommendation  about  therapy  of  the  patient. 

One  of  the  variants  of  block  diagram  of 
associative  memory  unit  is  shown  in  Fig.  kj>.  The 
criteria  intended  for  searching  out  the  object  of 
information  are  introduced  into  device  of  a  set  of 
criteria',  connected  with  fields  corresponding  to  these 
criteria  in  associative  memory  unit.  Upon  coincidence 
of  the  criteria  recorded  in  certain  field  with  the 
assigned,  the  control  device  ensures  entry  into  outlet 
device  of  the  designation  of  the  detected  information 
object.  Simultaneously  the  control  device  switches  on 
address  system  of  the  unit  of  accompanying  information, 
which  additional  information  issues  to  outlet  device,  characterizing  the  given 
object. 

Process  of  search  for  object  of  information  in  described  device  includes, 
obviously  the  following  operations. 


Fig.  45.  Block  diagram  of 
associative  memory  unit. 

1  —  set  of  criteria  de^ 

2  —  unit  of  associative 
memory;  y  —  control  devic.; 
4  —  address  system;  5  — 
'"-it  of  accompanying 
information;  6  —  outlet 
device. 
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X.  Comparison  of  introduced  criteria  with  criteria,  recorded  in  the  fields  of 
information  objects.  Here  the  latter  must  be  kept,  for  which  it  is  .necessary  that 
in  associative  memory  unit  there  take  place  so-called  rioninterrupted  information 
readout . 

2.  Determining  the  object  of  information  on  the  basis  of  coincidencepf 
introduced  criteria  with  criteria,  recorded  in  field  corresponding  to  this  object. 

5.  Noninterrupted  readout  and  outlet  of  designation  of  the  manisfested  object 
and  information  accompanying  it. 

In  already  developed  different  variants  of  associative  memory  units  as  the 
information  carrier  punched  cards,  capacitor  matrices,  magnetic  elements  (cotes, 
transfluxors  and  biaxes),  and  cryogenic  elements.  Further  development  of 
associative  memory  units  of  great  capacity  is  one  of  the  most  important  ^prerequisites 
of  creating  new  informational-logical  machines  of  varied  assignment. 

Control  of  national  economy.  The  most  important  problem  of  cybernetics,  as 
a  science  of  control,  is  the  development  of  optimum  control  methods  and  the 
construction  of  control  systems.  Along  with  technical  and  biological  control  systems 
even  greater  role  is  played  by  the  use  of  methods  of  cybernetics  in  control  processes 
of  planning  the  national  economy  of  our  country. 

Basic  directions  of  the  use  of  cybernetics  in  People's  economy  are:.  1  —  the 
use  of  cybernetic  methods  in  planning  and  economic  calculations,  and  2  —  the  use 
of  cybernetic  technology  for  collection  and  treatment  of  statistical  data  and  otner 
economic  information. 

By  using  exact  mathematical  methods  of  solving  economic  problems,  it  is 
possible  to  reach  optimum  distribution  of  efforts  and  means  in  the  different  branches 
of  People's  economy,  and  to  obtain  the  maximum  economic  effect. 

One  of  the  ways  of  solving  similar  problems  is  the  so-called  method  of  linear 
programming,  bases  of  which  were  laid  in  1 939  by  works  of  Soviet  scientist  of 
L.  y.  Kantorovich.  Linear  programming  permits  by  ..lathematical  means  finding  fcrfe 
optimum  value  of  a  certain  magnitude,  which  estimates  the  investigated  process, 
and  which  linearly  depends  on  a  large  number  of  different  factors. 

Typical  example  of  the  use  of  methods  of  linear  programming  are  ti'ansport 
problems,  connected  with  the  planning  of  shipments,  ensuring  minimum  transport 
expenditures,  problems  on  optimum  lay-out  of  material  (leather,  sheet  steel,  fabrics) 
problems  on  optimum  distribution  of  the  load  of  a  machine-tool  organization,  and 
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others.  Solution  of  problems  from  field  of  linear  programming  requires  the 
fulfillment  of  a-  large  quantity  of  relatively  simple  hut  very  labor-consuming 
calculations.  Therefore,  successful  practical  realization  of  these  methods  is 
intimately- connected  with  the  wide  use  of  contemporary  high  speed  comptuters. 

Great  benefits  can  brought  and  already  are  being  brought  by  introduction  of 

- 

the  latest  computer  technology  in  the  sphere  of  calculation  and  statistics,  in 
the  organization  of  material- technical  supply,  in  credit-financial  system,  in  the 
sphere  of  trade,  in  transport  control,  and  so  forth. 

In  conditions  of  socialist  planned  economics  and  centralized  control  of  the 
national  economy  exclusively  favorable  prospects  are  opened  creating  a  single 
state  network  of  cybernetic  and  central  computers,  connected  among  themselves  by 
channels  ensuring  continuous  circulation  of  fluxes  of  information  from  enterprises 
to  Council  of  National  Economy  and  planning  bodies  and  control  information  from 
the  leading  economy  organs  to  the  enterprises.  Such  use  of  cybernetic  theory  and 
technology  is  a  very  important  factor  in  the  improvement  of  organization  and  control 
of  national  economy  of  the  country,  accelerating  the  tempo  of  our  movement  to 
Communism. 

"Playing"  machines.  One  of  the  new  divisions  of  mathematics,  intimately 
connected  with  cybernetics,  is  the  so-called  theory  of  games.  Its  founder  is  one 
of  the  greatest  mathematicians  of  contemporary  time,  J.  Neumann. 

Theory  of  games  was  developed  on  basis  of  studying  such  well-known  games  as 
chess,  checkers,  card  games,  dominos,  and  others.  However  it  subsequently  turned 
out  to  be  possible  to  spread  its  assumption  to  different  situations  In  national 
economy  and  military  affairs,  which  are  of  a  character  close  to  a  game. 

In  point  of  fact,  theory  of  games  constitutes  a  theory  of  planning  the 
behavior  of  sides,  aimed  at  the  achievement  of  an  outlined  result.  Since  the 
theory  of  games  is  used  to  determine  optimum  form  of  actions  in  certain  situations, 
then  It  can.be  considered,  to  a  known  degree,  a  branch  of  linear  programming. 

Not  wishing  to  go  further  into  details  of  bases  of  the  theory  of  games,  we 
will  consider  the  simplest  example  of  possibility  of  using  cybernetic  machines  for 
appraisal  of  a  certain  situation,  for  instance  for  the  appraisal  of  a  position 
during  a  game  of  checkers  or  chess  and  for  selecting  one  of  the  reasonable  moves 
corresponding  to  a  given  position. 

This  problem  is  not  simple,  For  instance,  it  is  impossible  to  recognize  the 
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best  move  with  which  it  is  necessary  to  start  a  chess  game,  since  it  is  impossible 
beforehand  to  foresee  the  course  of  a  game*  depending  not  only  on  us,,  but  also  on 
our  opponent.  However,  in  any  situation  it  is  possible  to  indicate  certain 
relatively  good  moves  and  at  the  same  time  a  number  of  obviously  bad  moves,  leading 
to  a  loss  of  pieces  or  sharp  impairment  of  their  arrangement. 

For  an  appraisal  of  a  position  In  an  automatic  chess  game  numbrical  appraisal 
of  the  value  of  pieces  and  their  location  is  applied,  for  instance,  by  following 
scale:  king  —  200,  queen  —  9>  rook  —  5,  bishop  —  3,  knight  —  3,  pawn  in  normal 
conditions  —  1,.  the  remaining  —  0.5,  isolated  —  0.4,  doubled  —  0.3,  mobility  —  0.1 
(under  mobility  we  understand  quantity  of  free  fields  for  movement  of  the  strongest 
pieces).  General  situation  is  estimated  by  the  difference  of  total  appraisals  of 
both  sides.  Good  moves  are  considered  to  be  those  which  ensure  obtaining  the 
greatest  positive  difference  of  appraisals  in  favor  of  the  player.  During  selection 
of  a  move  the  machine  sorts  a  great  number  of  possible  variants  of  its  own  moves  and 
answers  of  the  opponent  several  moves  ahead.  Practically,  the  machine  now  succeeds 
during  chess  game  in  examining  all  possible  variants  by  only  on  two  or  three  moves 
ahead,  since  with  an  increase  of  quantity  of  moves  the  quantity  of  possible 
variants  grows  so  rapidly  that  even  with  its  high  speed  operation  the  machine, 
examining  all  possible  variants,  including  those  absolutely  absurd  from  the  point 
of  view  of  the  chess  player,  arrives  at  the  most  severe  "time  trouble." 

From  the  above  said  it  is  clear  that  by  "seeing"  in  all  two  or  three  moves 
ahead,  the  machine  cannot  master  strategy  of  the  chess  game  and,  consequently, 

"plays"  with  mediocrity,  at  the  level  of  beginning  chess  player.  Therefore,  certain 
information  appearing  in  foreign  press  of  an  advertising  character  is  incorrect 
about  the  fact  that  electronic  computers  even  now  defeat  masters  in  chess.  Certainly, 
in  the  future,  according  to  improvement  of  the  methods  of  programming  of  the  chess 
game  "qualifications"  of  machines-chess  players  will  be  increased. 

Considerably  more  useful  is  the  machine  at  end  of  chess  game,  when  number  of 
pieces  on  bvard  is  small,  and,  thus,  quantity  of  possible  variants  is  sharply 
lowered.  Machine  solves  rather  well  the  two  or  three  move  problems. 

Although  at  present  machine  chess  game  does  not  give  serious  positive  results, 
intense  work  on  its  programming  continues  and  is  attracting  serious  attention  of 
chess  players  and  scientists.  The  fact  is  that  the  methods  developed  and  checked 
for  game  of  checkers,  chess,  and  other  games,  can  also  be  used  for  many  practical 
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purposes,  for  Instance,  as  the  planning  of  industrial  processes  and  military 
operations. 

Teaching  machines,  if  we  consider  the  teaching  process  from  purely  cybernetic 
point  o^  vie wi  then  role  of  the  teacher  can  be  determined  as  control  over  process 
of  obtaining  knowledge  by  the  one  taught.  Here,  as  in  any  control  process,  a  very 
important  condition  of  increasing  its  quality  is  the  presence  of  feedback  from 
control  object  (student)  to  .controller  (teacher.). 

In:  secondary  school  this  feedback  takes  place  by  systematic  interrogations 
and  checks  of  home  assignments,  as  a  result  of  which  the  teacher,  although  with 
certain  delay,  obtains  information  (by  far  not  exhausting)  about  mastery  of  the 
subject  by  the  students.  This  enables  the  teacher  to  correct  educational  process, 
to  repeat  poorly  mastered  material,  to  change  the  tempo  of  presentation,  to 
-modify  method  of  presentation  of  various  subjects,  etc. 

In  higher  educational  institutions,  where  educational  process,  especially  in 
senior  courses,  is  based  primarily  oh  lecture  method,  systematic  feedback  is  absent 
and  the  teacher  will  recognize  the  degree  of  mastery  of  material  only  by  examination, 
at  the  end:  of  the  semester  or  educational  year>  when  some  corrections  of  the  course 
for  given  flow  of  students  is  already  impossible.  Regardless  of  the  understanding 
by  the  teacher  of  this  circumstance,  he  cannot  set  systematic  feedback  from  tens, 
and  often  from  hundreds  of  students  attending  the  lectures,  and  in  the  best  case 
ho  is  limited  by  episodical  conversations  with  few  students,  and  in  the  worst  case 
in  general,  becomes  aquainted  with  them  only  by  examinations. 

Meanwhile,  successes  in  development  of  contemporary  cybernetic  technology 
ensure  a  fundamental  possibility  of  essential  improvement  of  bilateral  contact 
between  teacher  and  student  by  means  of  so-calied  teaching  machines.  Here  the  role 
of  teacher  not  only  is  not  lowered,  but  increases  considerably,  while  center  of 
gravity  of  his  work  is  transfered  to  the  deep  and  tedious  work  in  creation  of 
so-called  textbooks  and  other  educational-methodical  materials,  which  would  allow 
the  students  subsequently  to  master  new  material,  reinforcement  of  this  material,  and 
a  check  of  this  knowledge  in  process  of  communication  of  the  students  with  teaching 
machines. 

Creation  of  cybernetic  teaching  machines,  which  would  satisfy  all  requirements 
of  the  pedagogic  process,  is  a  very  complicated  problem,  which  at  the  contemporary 
level  of  cybernetic  technology  is  yet  unsolved,  especially  if  we  consider  the 
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necessity  of  mass  manufacture  of  such  machines..  For  this  even  greater  work  is 
necessary  in  creation  of  corresponding  logical  circuits,  input  devices,  directly 
from  a  manuscript  or  printed  text  and  from  voice,  identification  of  images, 
development  of  very  complicated  programs,  etc. 

However,  partial  solution  of  automation  problem  of  teaching  can  be  reached 
already  by  means  of  using  relatively  simple  and  cheap  teaching  machines  designed  to 
check  the  readiness  of  students  for  fulfillment  of  laboratory  works,  preliminary 
pre-examination  check,  self-control  of  students,  and  so  forth. 

As  an  example  let  us  consider  one  such  machine,  developed  in  the  Moscow  power 
institute  and  called  "Ekzamenator."  With  the  help  of  this  machine,  the  student 
is  assigned  a  number  of  questions,  accompanied  by  several  enumerated,  mutually 
exclusive  answers,  from  which  only  one  is  correct.  Student  must  select  correct 
answer  and  press  the  button  corresponding  to  its  number.  After  an  answer  to  all,  the 
assigned  questions,  machine  (depending  upon  relative  quantity  of  correct  answers) 
gives  the  student  his  grade. 

Information  is  stored  in  machine  on  frames  of  film,  glued  in  a  ring,  which 
contain  several  tens  or  even  hundreds  of  separate  frames.  Part  of  the  frame  is 
projected  on  small  screen  of  the  machine.  On  this  part  of  frame  question  is 
recorded  and  five  answers  to  this  question.  In  lower  part  of  frame,  not  projected 
on  screen,  there  is  a  band  separated  into  seven  white  or  black  parts,  which  are 
rectangles.  First  five  rectangles  are  designed  for  encoding  the  number  of  the 
correct  answer,  and  other  two  rectangles  are  for  encoding  time,  given  for  consideration 
of  the  answer  (depending  upon  degree  of  complexity  of  question) , 

Block  diagram  of  automaton  "Ekzamenator"  is  shown  in  Fig.  44.  Upon  pressing 
starting  button  [P]  (n),  unit  of  random  frame  selection  [BSVK]  (BCBK) , switches  to  a 
certain,  changing  each  time,  time  tape-driving  mechanism.  After  frame  stop  its 
code  part  is  projected  on  set  of  photocells  of  answer  number  unit  [BNO]  (BHO)  and 
time  delay  [BVV]  (EBB) . 

After  considering  the  answer,  student  presses  one  of  the  numbered  buttons, 
whereupon  signal  from  it  proceeds,  first,  to  meter  of  number  of  answers  [S00]  (000)> 
and  secondly,  to  coincidence  circuit  M,  which  establishes  the  correctness  of  the 
of  the  answer,  i.e.,  the  conformity  of  number  of  the  pressed  button  to  the  number 
fixed  by  unit  BNO.  If  answer  is  incorrect,  then  meter  of  incorrect  answers 
fSNOJ  (CHO)  also  works. 
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After  the  student 


presses  each  button,  and  also 
upon  expiration  of  considera¬ 
tion  time  BSVK  is  automatically 
switched  oh  and  on  the  screen 
a  frame  is  projected  with  new 
question  and  answers.  If 
frame  replacement  occurs  due 
to  a  student  delay,  not  having 
pressed  one  button,  then  meter 
SNO  works,  just  as  with  ah 
incorrect  answer. 

Upon  completion  of 
answers  to  assigned  series  of 
questions,  comparator  [SU]  (Cy)  works,  which  determines  the  general  appraisal, 
depending  upon  relationship  of  the  number  of  incorrect  answers  and  general  number 
of  answers.  Corresponding  appraisal  (in  digital  form)'  is  reproduced  oh  light 
tableau  [ST]  (CT)  and  can  be  simultaneously  placed  in  student's  examination  book 
by  perforation  device  [PU]  (TE/)-.  All  automata,  located  in  class'  of  programmed 
instruction,  can  be  joined  with  special  panel  of  the  teacher,  on  the  tableau  of  which 
grades  are  repeated  which  the  students  received  during  their  interrogation  by  the 
machine . 

Here  we  have  considered  one  variant  of  a  relatively  simple  teaching  automaton, 
performing  control  functions.  During  the  last  few  years  in  higher  educational 
institutions,  technical  schools,  and  secondary  schools  of  only  our  country  there 
have  been  developed  hundreds  of  variants  of  teaching  devices  and  machines  of 
different  assignment  and  different  degree  of  complexity. 

If  one  were  to  additionally  equip  universal  electronic  digital  computer  with 
special  devices  of  input  and  with  control  panels,  then  it  could  ensure  teaching  and 
control  with  a  sufficiently  complicated  program  of  tens  and  even  hundreds  of 
students. 


16.  Self-Organized  Systems 

One  of  the  essential  deficiencies  all  the  more  widely  used  cybernetic  devices 
at  present  is  the  fact  that  they  can  work  successfully  only  by  relatively  rigid 
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program,  previously  composed  by  a  nan.  If,  however,  during  the  control  of  &  certain 
process  there  appears  a  previously  unforseen  (by  the  prograa)  situation,  then 
similar  cybernetic  device  cannot  further  successfully  execute  control  function, 
and  either  ceases  the  process,  or  allows  it  to  be  developed  spontaneously,  orv 
filially,  continues  the  control,  not  considering  this  newly  appearing  situation.  All 
these  cases  can  end  in  the  worst  case,  in  an  accident,  while  in  the  best  case  the 
process  is  developed  by  means  which  are  far  from  optimum. 

Therefore,  in  recent  years,  very  considerable  attention  has  been  allotted  to 
development  of  machines,  able  to  perceive  and  to  classify  information,  casing  into 
them  from  external  medium,  and  "independently"  to  develop  for  themselves  programs '  ' 
of  information  proces  ing,  estimating  the  efficiency  of  these  programs  by  final 
results  and  memorizing  the  optimum  programs  for  further  use  in  similar  situations. 

Similar  systems  have  been  called  self -organized  systems.  The  first,  simplest 
step  of  self-organization  is  so-called  self- tuning.  Self-tuning  system,  in 
distinction  from  ordinary  systems,  performing  adjustment  of  scene  process  by  a 
strictly  defined  law,  are  designed  for  the  realization  cf  more  complicated  processes 
of  control,  requiring  automatic  self-change  of  the  law  of  adjustment.  Host 
frequently  the  self-adjusting  systems  are  designed  for  automatical  of  search  for 
extreme  (maximum  or  minimum)  values  of  a  certain  paraeeter  of  a  controlled  process 
(speed,  pressure  temperature  and  so  forth)  Here  each  time,  during  change  of  flow  csndi 
tions  of  the  process,  system  again  performs  search,  adjusting  to  new  work  conditions. 

At  a  higher  level  of  organization  are  the  taught  systems,  a  characteristic 
peculiarity  of  which  is  presence  of  a  memory,  allowing  them  not  only  to  detect,  but 
also  to  memorize  the  most  profitable  operating  conditions  corresponding  to  certain 
situations.  With  repeated  appearance  of  the  same  situation,  the  taught  system, 
already  possessing  the  "experience”  of  behavior,  can  immediately  select  this 
profitable  operating  mode,  already  "memorized"  by  it. 

In  distinction  from  the  self-adjusting,  systems,  self-teaching  systems  often, 
at  the  beginning  of  their  work  are  absolutely  incapable  of  performing  the  functions 
of  control.  However,,  there  also  exist  such  learning  systems,.  Into  which  have  been 
placed,  during  their  construction,  defined  rules  of  behavior,  but  subsequently,  in 
the  work  process,  it  is  as  if  they  "complete  their  education"  by  investigating 
controlled  objects  and  processes  and  by  producing  perfected  methods  of  control. 

finally,  the  highest  degree  of  self-organization  is  characterized  by  systems 
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'  hs  os  not  j  memorise  as  improves  central  program,  but  also-  reconstruct  (am 
•conformity  xixh  ccnoltlors  and  control  srafcles: s)  their  sun  ra tarsi  structure.  It 
Is  utvidds  that  2a  such  systems  «of  czraanlcatias  fcetxeen  elements  perceiving 

'  *■  -a 

inf  crmstluc,  -til*  memory  ccepraents,  sod  logical  and  final,  cahcrol  elements  need  ns 
2*  previously  rlptil;  predetermined,  hut  arise  fce  esutlisr.ei  as  a  resale  of 
attachment  'to  -work  conditions.  Systems  of  a  similar  Msi  are,  la  fall  sense  of 
ells  xord,  self-organ! red  systems . 

Teaching  aaohir.es.  Simple  and  Interesting  examples  of  teaching  machines  are 
t lose  relatively  primitive  devices  crested  at  the  er.d  of  tie  fifties,  often  shaped 
for  interest,  2a  the  fora  of  art  sails,  ami  capable  of  attaining  and  staring  certain 
"vital*  experience,  as  If  able  to  "’learn..*’  Such  machines  iaclude  the  "mouse  la 
labyrinth,"  created  by  ac&  of  the  founders  of  sis  Infsma.Tr.sn;  theory.  Shannon;  the 
"tortoise,"'  developed  by  ahgllsh  physiologist  Kslter;  the  "squirrel*  of  Berkley, 
the  "fern*  by  Eacrsek,  and  others.  -Especially  popular  are  "mourn?  In  labyrinth"  arss 
tortoise,"  often  repeated  xlth  certain  changes  by  different  designers.  In 
particular;  in  the  Institute  of  aotsmatlan  and  telemechanics  of  the  jfteaseay  cf 
Sciences  of  15333,  7.  I.  Ivanov  designed  a  labyrinth  for  a  souse*;  and  5.  2.  Tasi2*y 
■designed  a  dzanny  "tortoise.*  Set  as  shortly  oescrloe  the  behavior  of  "mouse"  of 
shannon  and  "torbdse*  of  Sh2tar  In  their  Initial  designs. 

Tse  "moasem  van  a  cars  adth  drive,  xhlch  van  starred  In  s-  labyrinth  of  2o 
squares  (Slg.  §5),  formed  using  detachable  partitions.  "Xaune"  mured  gropingly 


along  labyrinth,  hotting  the  partitions,  arc  finally, 
after  a  prolonged  meandering,  reached  the  "bait®  in  the 
form  of  a  special  contact,-  placed  'In  last  sssar e  of  ih 
labyrinth.  However,  being  placed  In  the  labyrinth  a 
second  time,  the  "mouse*  cored  te  the  "bait*  by  the 
shortest  route,  not  going  Into  any  dead-ends*.  I.e.,  as 
If  he  "learned"  to  be  oriented  in  the  labyrinth. 

In  reality  this  problem  is  solved  on  the  basis  of 
a  relatively  simple  program.  Introduced  Into  the  na  r_L 
In  the  "mouse*  xere  txo  feeler  contacts:  front  and  le: 
In  accordance  xlth  the  assigned  program,  the  "mouse* 
continually  moved  ree fcilinearly ,  touching  the  xall  xlt! 


.nor.  iosinc  contact  it  turned  to  the  left  ana  continue  a  to  move 


his  left  more 


y,is,  a-.,H  he  toucrl.es  the  barricade  with  his  forward  contact.  Then  it  turned  to 
the  right,  zovei  again,  touching  the  walls  with  its  left  contact,  etc.  Its  route 
was  fixed  fey  a  special  relay  memory  unit,  and  if  it  entered  and  emerged  from  some 
corridor,  then  this  meant  that  in  it  there  was  no  "bait,"  and  during  the  repeated 
experiment  entrance  into  this  corridor  was  blocked;  prohibited. 

described  model  was  created  by  Shannon  as  a  prototype  of  the  system  offered 
ry  i'ienar  concerning  accelerated  connections  of  subscribers  of  an  automatic 
telephone  exchange,  often  speaking  amongst  themselves. 

"Tortoise"  of  b’altsr  simulates  certain  behavior  traits  of  a  living  organism  and 
is  a  device  on  little  wheels,  located  in  a  body,  similar  in  fora  to  an  iron. 

"I art oise”  is  equipped  with  a  storage  battery,  two  electric  motors  (one  of  which 
imparts  to  it  forward  motion  and  the  second  rotation)  and  two  attachments;  playing 
h?  role  of  "sensitive  elements; "  receptors.  One  of  the  receptors  is  a  photocell, 
reacting  to  the  light  source,  and  the  second  is  an  especially  designed  contact 
which  locks  during  encounter  of  the  "tortoise"  with  an  obstacle  or  during  its 
movement  along  a  steep  slope.  In  front  of  the  "tortoise"  there  is  a  control  lamp, 
shewing  the  "on"  state  and  at  the  same  time  pla?_ng  the  role  of  a  headlight. 

Being  in  the  dark  the  "tortoise,"  in  search  of  light  source,,  moved  along  a 
complicated  trajectory,  inspecting  in  an  hour  several  tens  of  square  meters  of 
surface.  Upon  encounter  with  obstacles  it  by  passes  large  objects  and  removes  from 
iignt  ei stacles  its  route.  It  avoids  movement  along  steep  slopes  and  rises, 
attempting  to  select  horizontal  surface  for  movement.  Upon  appearance  within  the 
limits  of  "visibility”  of  the  "tortoise"  of  a  light  source,  it  moves  to  it;  however; 
if  this  source  is  too  bright  then  the  "blinded"  "tortoise"  turns  and  starts  a 
search  for  another,  moderately  bright  source.  Upon  encountering  a  mirror,  "tortoise” 
will  recognize  itself  and  move  in  front  of  the  mirror  in  a  complicated  trajectory, 
first  approaching  the  mirror,,  and  then  departing  from  it. 

If  one  were  simultaneously  to  release  several  "tortoises,3  then  during  a 
frontal  approach  they  would  turn  from  each  other  and,  missing  each  other,  continue 
movement.  Upon  collisions  of  "tortoises,"  they  react  to  one  another  as  to  the 
ucus.1  obstacles.  During  the  appearance  of  light  source  all  "tortoises”  go  to  it  in 
a  "era wd,"  pushing  one  another.  If  one  were  to  illuminate  a  "cage"  of  a  "tortoise," 
-**?n  It  would  enter  it,  where  If  its  battery  needed  a  charge,  the  "tortoise"  would 
.nnect  itself  to  charge  current  source  and  remain  motionless  until  termination  of 
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the  charge,  after  which  it  disconnects  itself,  turns  off  the  light  in  the  cage,  and 
departs  anew  in  its  search. 

Later  the  device  was  even  more  complicated  to  simulate  the  formation  in 
living  organism  of  the  conditioned  reflex,  where  as  nonconditional  stimulus  light 
was  used,  perceived  by"  a  photocell,  and  as  conditional  accompanying  stimulus  sound 
was  used,  perceived  toy  a  microphone.  The  model  acted  in  the  following  way.  It 
always  began  to  move  under  the  action  of  light;  it  moved,  consequently,  during 
simultaneous  influence  of  light  and  sound,  and  in  no  way  reacted  to  sound  alone. 
However,  if  one  were  to  repeat  let  us  say,  ten  experiments,  simultaneously  "showing" 
the  "tortoise"  light  and  issuing  a  sound,  then  after  that  the  "tortoise"  would 
begin  to  move  under  sound  alone.  But  if  then  during  a  defined  time  or  a  defined 
quantity  of  experiments  we  did  not  reinforce  sound  by  light,  then  the  formed 
temporary  connection  wold  disappear,  and  "conditioned  reflex"  would  be  eliminated. 

Given  description  of  "behavior"  of  the  "tortoise"  may  cause  an  assumption  of 
exceptional  complexity  of  its  circuit.  However,  its  circuit  was  very  simple, 
although  this  simplicity  was  attained  as  a  result  of  long  and  persistent  searches 
for  the  most  expedient  solution  of  the  problem. 

Models  similar  to  the  "tortoise"  are  of  interest  for  engineers  who  work  in 
field ‘of  automation,  both  as  prototype  of  machines,  adjusting  to  surrounding 
situation,  as  well  as  for  physiologists  as  a  means  of  studying  certain  behavior 
processes  of  living  organisms  by  methods  of  simulation.  True,  the  described  models 
are  very  primitive  and  are  far  from  reproducing  entire  complexity  of  the  processes 
of  a  living  organism.  However,  subsequently  considerably  more  complicated  models 
were  created,  more  closely  reproducing  true  physiological  processes. 

Perceptrons .  One  of  the  most  interesting  self-organized  systems  is 
self-organized  identifying  device,  developed  in  Cornel  laboratory  (the  United  States) 
and  called-  the  perceptron  "Mark  I." 

In  general,  perceptrons  (from  the -work  perception),  are  a  class  of  automata, 
designed  for  the  perception  and  identification  of  visual,  aural,  and  other  forms. 

Of  essential  interest  also  are  perceptron  which  can  identify  objects,  inaccessible 
to  direct  perception  of  man,  such  as  sources  of  infrared  radiation,  radio  frequency 
and  ulti’asonic  oscillations.  Application  of  perceptrons  helps  the  essential 
simplification  of  information  introduction  directly  into  machines  in  the  form  of 
images,  texts,  vocal  commands,  and  so  forth. 
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The  simplest  method  of  identifying  certain  images,,  for  instance,  letters  and 
figures,  can  he  brought  to  a  simple  comparison  of  them  with  samples  using,  let  us 
say,  previously  prepared  patterns.  In  improved  identifying  devices  different  methods 
are  used  of  image  scanning,  similar  to  television,  as  a  result  of  which  coded 
signals  are  obtained  in  a  definite  way  which  can  be  compared  with  standard  codes. 

Still  more  flexible  are  the  taught  self-organized  systems,  which  in  principle 
can  be  taught  to  identify  any  situations  and  objects.  As  ah  example  of  a  similar 
system  we  will  consider  perceptron  "Mark-I." 

In  Fig.  46,  in  an  extremely 

simplified  form,  model  is  shown 

of  perception  with  three  perceiving 

photocells,  eight  associating,  and 

one  executive  cell. 

During  illumination  of  the 

photocell,  at  one  of  its  outlets 

there  appears  a  positive,  and  on 

another,  a  negative  signal.  These 

outlets  are  randomly,  in  a  disorderly 

manner,  joined  with  associating  “ 

cells,  which  work  in  the  following 

way.  If  the  algebraic  sum  of 

Fig.  46.  Diagram  explaining  working  principle  slgnais  proceeding  to  a  certain 
of  perceptron.  $  —  photocell,;  A  —  associating 

cells;  M  —  executive  cell.,  associating  cell,  is  a  positive  and 

exceeds  a  certain  threshold  magnitude,  then  the  cell  issues  a  signal  to  the  executive 
cell.  If  total  value  of  the  signals  proceeding  to  executive  cell  exceeds  the  preset 
threshold  value,  then  it  operates  in  turn. 

Since  assembly  of  the  perceptron  circuit  is  carried  out  by  random  law,  then 
during  the  showing  of  a  certain  image  the  executive  cell  can  either  operate  or 
not  operate.  The  operator  involved  in  the  instruction  of  perceptron  randomly  changes 
the  characteristic  parameters  of  associating  cells  until  the  perceptron  begins  (In 
the  desired  way)  to  react  to  a  showing  to  it  of  a  recognized  form.  Thus  is 
perceptron  circuit  arranged,  calculated  for  identification  of  several  objects.  It 
has  a  genei'al  field  of  photocells,  a  general  network  of  associating  cells,  and 
separate  (corresponding  to  each  recognized  object)  executive  cells.  After  a  certain 
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period  of  instruction  the  perceptrcn  subsequently  can  "independently"  recognize 
objects  about  which  it  was  instructed. 

17.  Bionical  Ways  of  Development  of  Cybernetic  Technology 

For  the  last  twenty  years  the  developments  of  cybernetic  technology  have 
reached  huge  successes  in  the  development,  design,  and  production  of  cybernetic 
machines  of  the  most  highly  varied  assignment.  If  the  first  modes!  of  machines 
were  characterized  by  high  speed  operation  on  the  order  of  tens  of  simple  operations 
per  second  and  capacity  of  operational  memory  on  the  order  of  tens  of  words,  then 
at  present  has  been  mastered  the  mass  production  of  machines  working  with  a  speed 
on-  the  order  of  tens  and  hundreds  of  thousands  of  operations  per  second  and  having 
a  memory  capacity  on  the  order  of  thousands  and  tens  of  thousands  of  words.  Unique 
machines  have  been  created  which  execute  missions  of  operations  per  second  with  an 
operational  memory  capacity  of  hundreds  of  thousands  of  words . 

However,  by  many  indices  cybernetic  machines  continue  to  lag  far  behind  the 
human  brain,  a  number  of  functions  of  which  they  are  called  upon  to  simulate.  One 
of  the  most  important  deficiencies  of  these  machines,  as  was  already  noted  above, 
is  the  relative  rigidity  of  their  program  and  absolutely  Insufficient  practical 
results,  which  have  been  attained  up  to  now,  in  fieid  of  creating  actually  useful 
and  workable  self-organized  devices.  Although  fulfillment  speed  by  man  of  formai- 
logical  operations  is  considerably  lower  than  in  the  machines,  this  is  essentially 
compensated  in  man  by  his  capabilities  for  the  finest  analysis  and  synthesis  of 
phenomena,  and,  inherent  to  nervous  system,  much  more  effective  methods  of 
information  processing. 

Another  important  advantage  of  living  organisms  is  in  their  incomparably  better 
organs  and  perception  mechanisms  of  external  information.  Inspite  of  certain 
successes  reached  in  the  construction  of  quasivisual  and  quasiaural  perceptrons,  the 
latter  still  are  very  far  from  visual  and  aural  analyzers  not  only  of  man  but  also 
of  living  organisms  in  general. 

Further,  the  undisputable  advantage  of  living  organisms  as  compared  to 
technical  cybernetic  devices  is  their  considerably  higher  reliability.  If  we  compare 
separately  taken  technical  and  biological  elements  intended  for  data  processing 
(fo.r  instance,  electron  relay  or  ferrite  cores  and  nerve  cells  —  neurons),,  then  the 
first  possess  considerably  high  reliability.  However,  multicomponent  technical 
systems  turn  out  to  be,  as  a  rule,  considerably  less  reliable  than  control  system  of 
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living  organisms,  which  contain  quantity  of  elements  several  orders  greater. 

Living  organisms  are  an  example  of  highly-reliable  systems,  composed  from 
relatively  unreliable  elements. 

This  is  attained  by  special  structure  of  nervous  networks  and  considerable 
possibilities  of  redundancy,  caused  by  an  excess  of  their  organization  and  the  use 
of  excess  information  encoding. 

Finally,  biological  control  systems  are  many  times  smaller  in  dimensions  and  more 
economical  than  technological  devices. 

All  these  very  thin  adn  perfect  mechanisms  of  perception*  storage,  and 
information  processing,  as  well  as  the  remarkable  processes  of  metabolism  and 
energy  conversion  were  produced  in  living  organisms  as  a  result  of  many  millions  of 
years  of  evolutionary  development  and  natural  breeding.  The  study  of  these 
mechanisms  for  the  purpose  of  using  knowledge  about  them  during  the  development  and 
construction  of  various  technical  devices  is  the  content  of  a  new  discipline  in 
science  —  bionics.  Thus,  bionics  can  be  defined  as  the  science  of  creating  artificial 
systems,  the  structure,  functions,  and  characteristics  of  which  are  borrowed  from 
biological  organisms  ■. 

Elementary  structural  unit  of  the  nervous  system  of  living  organisms  is  nerve 

cell  or  neuron.  Total  amount  of  neurons  in  living  organisms  of  the  highest 

q  10 

animals  is  determined  by  a  number  on  the  order  of  1CK-10  .  In  simplified  treatment 

the  neuron  is  likened1  often  to  a  two-position  relay,  which  can  be  in  one  of  two 
states,  actuated  or  braked.  However,  it  is  incorrect  to  imagine  the  matter  in  such 
a  way  that  it  is  sufficient  to  create  a  cybernetic  device  with  a  quantity  of  relays 
of  the  same  order  as  the  quantity  of  neurons  in  an  organism,  so  that  this  device 
might  be  compared  by  Its  capabilities  and  characteristics  with  living  organisms. 

The  remarkable  specific  characteristics  of  nervous  systems  and  processes  in 
living  organisms  are  determined  not  only  and  not  so  much  by  the  quantity  of  neurons, 
as  by  how  much  more  immeasurably  great  are  possibilities  of  the  neuron  as  compared 
to  a  relay,  which  is  caused  by  its  most  complicated  and  finest  organization.  This 
explains  the  great  attention  which  in  bionics  is  allotted  to  questions  of  studying 
both  the  mathematical  and  technical  simulation  of  neurons  as  prototypes  of  basic 
structural  elements  of  cybernetic  machines  of  the  future. 

In  accordance  with  data  of  neuro-physiology,  the  simplest  model  of  a  neuron 
(Fig;  JI7)  must  reproduce  its  following  peculiarities: 
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1 .  Diagram  of  the  model  must  have  a 
set  (ri)  of  entrances,  to  which  there  can  in 
different  time  sequence  proceed  signals  p^, 

P2»  •••>  Pn* 

2.  These  signals  influence  the  -body  of 
the  neuron  through  synaptic  contacts,  where 
the  degree  of  influence  of  signals  on  state  of 
the  neuron  is  unequal  and  is  characterized  by 

so-called  weight  of  entrance  or  synaptic  number  S^,  S2,  ...,  Sn* 

3.  In  synaptic  contacts  delay  occurs  of  the  signal  for  a  certain  time  r. 

4.  Influence  on  neuron  body  of  certain  i-th  entrance  is  quantitatively 

.  <> 

characterized  by  product  p^S^ . 

5.  Resultant  influence  on  the  neuron  is  determined  by  the  sum  of  influences 
from  all  n  entrances  (summation  in  space)  and  previous  history,  i.e.,  preceding 
influences,  considering  their  damping  by  exponential  law  with  certain  time  constant 
t  (summation  in  time)., 

6.  Model  of  neuron  must  operate  (be  excited)  only,  when  total  influence  on  it 
exceeds,  a,  certain  threshold  value.  K. 

7.  During  operation,  oh  branched  outlets  of  the  neuron  there  must  appear  pulse 
P  with  certain  standard  amplitude  and  duration. 

At  present  there  has  been  built  a  huge  quantity  of  various  models  of  neurons 
on  electromechanical  relays  and  tubes,  transistors  and  tunnel  diodes,  ferrite  cores 
and  films,  and  so  forth".  All  of  them,  while  more  or  less  primitively  reproducing 
the  characteristics  of  natural  neurons,  which  are  the  most  complicated  systems, 
capable  of  accumulating  the  greatest  volumes  of  information  and  fulfilling  sufficiently 
complicated  logical  functions. 

Further  problems  of  bionics  are  the  discovery  of  mechanisms  of  exceptionally 
noise-immune  information  enconding  in  living  organisms,  simulating  by  technical 
means  the  memory  and  analyzers  of  living  organisms,  construction  of  highly  reliable 
data  processing  systems  pn  the  basis  of  studying  methods  by  which  reliability  is 
attained  in  living  organisms,  and  so  forth. 
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